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FOREWORD 


This document, adapted from a Master's thesis in Electrical 
Engineering, is being jointly published ee two research activities at 
M.I.T., Project MAC and the "Innovative Resource Planning" Project. 

Project MAC is an M.I.T. iweerdapabtucatal laboratory for 
computer research and development involving faculty and students from 
the Departments of Electrical Engineering and Mathematics and the Sloan 
School of Management. The name MAC is an acronym derived from several 
titles: man and computers, machine-aided cognition, and multiple-access 
computers. The broad goal of machine-aided cognition implies the 
development of new ways in which on-line use of computers can aid people 
in their creative work, whether it be research, engineering design, 
Management, or education. 

The research project, “Innovative Resource Planning in Urban 
Public Safety Systems," is a multidisciplinary activity involving 
faculty and students from the M.I.T. Schools of Engineering, 
Architecture and Urban Planning, and Management. The administrative 
home for the project is the M.I.T. Operations Research Center. The 
research focuses on three areas: 1) evaluation criteria, 2) analytical 
tools, and 3) impacts upon traditional methods, standards, roles, and 
operating procedures. The work reported in this document is associated 
primarily with category 2, in which a set of analytical and simulation 
models are developed that should be useful as planning, research, and 


management tools for urban public safety systems in many cities. 


Supervision, computer time, and other expenditures associated 
with the work reported herein were supported through the above two 
research programs by the Advanced Research Projects Agency, Department 
of Defense (under Office of Naval Research Contract Number N00014-70-A- 
0362-0006) and the National Science Foundation (Grant GI-38004). 


Richard C. Larson 
Joseph C.R. Licklider 


ABSTRACT 


The hospital emergency room is a complex system having many 
interrelated factors contributing to its operation. The emergency room 
administrator has limited control :over certain of :these factors: 
numbers of beds, nurses, doctors, x-ray units; for -exasple. Other : 
factors such as patient arrival rates and demands made upon available 
resources are largely uncontrollable. One of the main problems facing. 
the emergency room manager is to find a reasonable balance among the 
many factors over which one has control in the face of a range of values 
of the factors over which little control is possible. 

A computer program has been designed which uses computer 
graphics and interaction with the user to create a flexible modeling 
‘environment for analysis of hospital emergency rooms. In projects 
involving analysis of public systems, it is especially important that 
close communication be maintained between the public administrator and 
the analyst. Tools of the type which concern the present research can 
make a significant contribution towards this end. 

The emergency room was chosen as the basis for the research for . 
two reasons: First, the author had been a member of a team which 
performed an analysis of the Cambridge Hospital emergency room in 
Cambridge, Massachusetts, and therefore was somewhat familiar with the 
emergency room system and factors relevant to its analysis. Second, the 
emergency room is a system which in many hospitals is rapidly 
approaching a crisis: like the medical care system as a whole, the 
emergency room is experiencing profound changes in the demands being 
made of it. Patient arrival rates are increasing at an exponential 
rate. For many, the emergency room has become the primary source of 
medical care. Thus the very role of the emergency room is becoming 
unclear. The rapid changes in volume and nature of demand being 
experienced by the emergency room suggest that time invested in analysis 
and planning of the system would be well spent. 

The program, the Tool for Interactive Graphical Emergency Room ~ 
Simulation (which, for ease of discussion, is referred to as TIGERS) is 
a simulation-based modeling environment which has been implemented on 
the PDP-10 computer of the Programming Technology Division of Project 
MAC at M.I.T. This first effort, although general in scope, is based 
upon the emergency room at Cambridge Hospital. A preliminary model 
based upon this emergency room has been implemented. Valuable feedback 
has been obtained from Dr. Peter Mogielnicki there, and it is expected 
that other doctors in the Boston area may soon try out the system as 
well. The main thrust of the research is being concentrated not on 
designing a highly accurate model of a particular emergency room, but 
rather on development of a tool which can be used for such a purpose. 

The actual implementation of the simulation within TIGERS 
inveives the design of a model and the translation of the model into 
data bases and events. The task is made somewhat easier in that TIGERS 
provides all major data bases and several utility subroutines. The 
graphics updating is automatic, and routines are provided which make 


trivial the creation of light buttons for changing any relevant 
parameters. 

The hardware upon which the present system is implemented is 
currently too expensive for practical application in most situations, 
but graphics. technolegy is developing rapidly and ds fast .entering the 
realmof practicability fer smaller installations. Both to the analyst. 
and to the public administrator, the aedium cepresents: a petentially . 
useful mears of mehing: ses hacyen models oe and. easier: to. 
understand. 
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CHAPTER I: INTRODUCTION TO THE MEDICAL CARE PROBLEM 


1.0 The Crisis in the Medical Care Sector 


The health care industry has become the second largest industry 
in the United States. In 1970, Americans Spent 67.2 billion dollars, 
6.9 per cent of the Gross National Product, on their health. And the 
industry is fast growing: between 1966 and 1970, health expenditures 
increased at an average annual rate of 12.3 percent, compared to a 
growth rate of 6.3 percent for the economy as a.whole. “The Department 
of Health, Education, and Welfare has projected a figure of 105 billion — 
dollars for fiscal year 1974 [1], and expenditures in the health 
enterprises in the United States are projected to reach between 156 and 


Th 
189 billion dollars by. the end of the current, eecad* Thus our society — 


will be spending betwgen 8 and 9.8 percent of the rags National Product, 
for health. If present trends continue, the health cheats a ica Brey SEAT 
well be the nation's largest industry, in terms of manpower and 
expenditures, by 1980. (2) | ibs 
Unfortunately, even our present vast expenditure of over ($350, 7 
per capita annually does — ensure a high level of magtces care tn the 
United States. Rate of infant. mortality is lower in. twelve other nee 
industrial countries. Men - seventeen other. countries dive, longer than 
Americans do, and women live longer in ten. There is a growing 
consensus in the United States that the gadical care, sector,, while 
continually costing more, is not performing its functions well for all 


those who could benefit by them; a nearly ubiquitous view that there, is 
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a health care “crisis." Between 1960 and 1971, costs of hospital care 
climbed more than 50 percent, compared to a 31 percent increase in the 
consumer price index. A day ina hospital cost $35 in 1960 and $75 in 
1971. [3] A typical company sponsored health insurance. plan, including 
full hospitalization and surgical benefits for a family, cost $550 in 
1971, more than double the amount of just five years before. 

The symptoms of the crisis are all too clear -- skyrocketing | 
expenses and inadequate care for a significant sector of the population . 
-- but the cure is not so easily seen. Berki and Neston articulate the 
nature of the problem: “The multiplicity of proposals for the cure of © 
this 'crisis' in terms of delivery, organization, financing, and control - 
is evidence that dissatisfaction with the. performance ‘of. the medical 
care sector has reached the status of a politicized social problem. As 
in other complex diseases, while there is agreement that “something is 
drastically wrong, there is no consensus on either the diagnosis or the 


therapy." [4] 


The fact that we spend sack vast amounts on health care, and the. 
fact that health care expenditures are rising at a rate far ‘out of 
keeping with the rest of the economy, lead one to believe that we are 
not allocating our resources, i.e. our health dollars, as wisely as we 
wight. Dr. David D. Rutstein expressed this belief in his book, The 
Coming Revolution in Medicine: "The hallmark of our present haphazard 
system of medical care is lack of efficient systematic alldécation of | 
resources to meet the public need. Implicit is a lack of planning which 


really reflects the pitiful inadequacy of research on the provision of 
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medical care. Indeed our blind faith in the infallibility of the 
physician has made it seem in the past as if research on medical care 
were unnecessary." [5] Essentially what we have done has been to leave 
the allocation and distribution of resources almost exclusively to the 
marketplace. Apparently the marketplace has failed us in this case, as 
we find ourselves caught in a burgeoning spiral of ever increasing . 
expense that buys little significant improvement to the system. 

Our lack of planning is catching up to us. Even though our 
medical care system has perhaps never been run nearly as efficiently as 
it might have been, only in the last decade has the situation started to 
get out of hand, generating the so-called crisis that is now all too 
manifest. The problem was first recognized as early as 1933. In that 
year the classic Lee-Jones study, undertaken under the auspices of the 
Committee on the Cost of Medical Care (CCMC) pointed out that "The 
problem [the provision of good medical care] will not solve itself 
through the operation of undirected economic forces." [6] Poapile; 
however, were not yet ready to listen. 

Thirty-five years after the publication of the Lee-Jones study, 
the report of the National Advisory Coamiesicn.ion Health Manpower was 
issued. This commission was established because the problem-turned- 
crisis Eduid ae longer be overlooked. Costs were Hisina out of all 
reasonable proportion compared to the rest of the economy; there was 
insufficient manpower to meet the requirements of the system structured 
as it was. The commisson reported essentially the same problems as 
reported thirty-five years earlier. The report very clearly proclaimed 


a health crisis, pointing out: 
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The crisis, however, is not simply one of numbers. It is 
true. that substantially increased numbers of health manpower 
will be needed over time. But if additional. personnel are 
employed in the present manner..and. within the present. 
patterns and systems of care, they will not avert, or even 
perhaps alleviate, the crisis. Unless we improve the system 
through which health care is provided, care will continue to 
become less satisfactory, even though there are. massive 
increases in cost and in numbers of health pérsonnel. [7] 


We are faced not with a shortage, but with a problem of misallocation. 


1.1 Alleviating the Problem 

It is not surprising that the concept of efficiency is the 
mainstay of medical reformers. More efficient operation would 
presumably provide more services for more people, limit the cost to 
third parties, and similarly limit the skyrocketing costs to patients, 
insurance companies, and the government. ‘the government, which pays two 
fifths of the nation's medical bills, should be especially interested in 
improving efficiency, since it would retard inflation as well — costs. 
Doctors too would benefit from gore efficient ‘operation . "By increasing 
his productivity, he can see more patients, respond to growing patient 
criticism of the availability of doctors, increase ‘his earnings, and 
help more people." [8] 

Optimizing such an incredibly complex system as our whole 
medical care system is a problem of huge magnitude. Indeed, optimizing 
it is probably impossible, but even making significant improvement is an 
awesome task. Where do we begin? The peieb ide really exists at several 


levels, and ‘the task needs to be addressed at each one. 
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At the outermost or most "macro" level, we are faced with broad 
political and social questions. Who should .pay for medical care? How 
should the overall system be structured? Can everyone have a family 
doctor, and if not, where does he go for his aiaacy medical care? What. 
about medical centers? How should they be organized? By neighborhood? By 
region? Should doctors be paid on a fee basis, or dre there other 
structures of payment which might reduce unnecessary surgery and be more 
conducive to other “more efficient" treatment? 

In the middle levels are questions which, although not as 
political or social, still concern broad issues that will affect the 
very nature of the medical care system. For example: ‘showid all - 
hospitals be general, equipped and staffed to handle a wide range of 
needs; or should a network of specialized or semi-specialized centers be 
set up? How do we evaluate the utility of various possibilities? — 

Finally, at the most "micro" levels, we face such questions as 
how to run the facilities themselves. How ‘do we staff the intensive 
care unit? How many doctors do we need? Where can: paramedical personnel 
be used, and where is a doctor essential? ‘Where can we use machines? 
How many beds de we need such that the probability of all being full is. 
below a given level? ; | 

Thus we see that the decisions involved in planning a more 
efficient health care delivery system span a wide range of positions in 
the decision making ierarchy -- from the highest levels of government 
to administrators of individual medical jackanal. It: is these seepie who 


are called upon to make the decisions which will hopefully bring our 
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medical care system to an improved level of operational efficiency. As 


we stated earlier, their task is not easy. 


1.2 Operations Research 

A body of knenVedue and analytical methods krown as "operations 
research" is evolving, which is directly applicable to certain aspects 
of the medical care problea. At each level of the hierarchy, a basic 
concern of decision makers is the allocation of resources so as either 
to maximize the accomplishment of the Stated objectives with given 
resources or to minimize the resource costs of achieving the given 
objectives. Operations Research (hereafter. sometimes .abbreviated O.R.) 
is concerned with realizing such allocation procedures. ..Dr. Rutstein 
discusses a bit of the history of O.R., and points out -how QO.R. is 
beginning to be applied in the health care sector: — 


Historically, operations research was first used in the 
deployment of troops and materiel in World War II. The 
suecess of.operations research in-military legistics:led to 
the extension of its use to industrial production problems 
in war industry, then to industrial .prablems :in:general, to- 
business management, and to economic planning. Now it is 
being appiied.to: public health and medical care... In a 
policy statement on operations research prepared for the 
World: Headth Organézation with ..Profeasons: Sarces-Raui:. 
Schutzenberger and Murray Eden, we pointed out that O.R. is 
useful in the kinds of major decisions that freqeentiy face. 
the medical administrator. They are as follows: 


1. How does one assess the relative needs for, and the 
' values of, alternative values that must draw-upon. limited 
resources in funds, material, and trained manpower? 


2. How shall available resources be best allocated and 
applied once a decision on priorities has bean made? [9] 
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1.3. Our Misuse of Available Resources 


Although it is only a beginning, several studies have been made 
or are now underway investigating the problems of the medical care 
sector, at least at the broadest levels, i.e. addressing the important 
political and social questions. This is indeed encouraging -- but this 
type of planning is necessarily relatively long range planning. At the 
level of hospital administration -- the level where the crisis is being 
most acutely experienced -- very little has been done, although the 
field is ripe for applications of O.R. It is well known that many of 
today's hospitals have a surplus of hospital beds while their clinics 
are becoming more congested than ever. Such statistics suggest that we 
would do well to invest more time in questioning our present patterns of 
hospital management. The skyrocketing costs of hospital care, along 
with the ever increasing difficulty of getting an appointment at a 
hospital clinic, is evidence that hospitals, rather than searching for 
more viable systems, have been trying to cure themselves only by pouring 
more money into the already existing one. The situation is unfortunate 
because it is really in the hospital where the crisis must be confronted 
first; it is there that first aid can be administered to the ailing 
medical care system. 

There are really two aspects of the problem faced by the O.R. 
researcher in the medical care field, or for that matter in any field of 
public administration. First is the relatively straightforward problem 
of devising relevant analytical methods and techniques. Second is the 


more subtle problem of getting them implemented. 
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Administrators are making increasing use of these analytic | 
tools, but not nearly as much as might be expected. The answer to the 
question of why not is complex. First there is a problem of hesitancy 
to leave a system that works, even poorly, for a “eyaten which ia | 
untried, or at least unknown to the administrator. People are uncom 
fortable in unfamiliar territory. There is security in “the way we've 
been doing it," and we are not inclined to set off down dark paths that 
we ao: nat know and therefore cannot really trust. ‘It is a known aspect 
of human nature that administrators are often reluctant to implement, or 
even investigate, any changes to an existing system until action is 
forced by a complete failure of the system. Another common obstacle to 
acceptance of more rigorous analytical pathos 1% misrepresentation: It | 
is not uncommon for the decision maker to be exposed to. analytical 
techniques, but led to believe, either by Qversenlous analyses or simply 
by wishful thinking, that these new methods are being presented as a 
panacea. Then he either immediately sees or later discovers that they 
are not, and he loses faith in then altogether. “This. communications gap 
between the analyst and the administrator is destructive -- the 
administrator presented with a "solution," only to be disillusioned, is 
naturally going to lose any faith he might have had in the analytical 


eee ‘ ads » 
techniques. Operations research does not offer an 


instant solution, but 
it does offer a powerful set of quantitative oa a 

Another reason that 0.R. is not being employed to best advantage 
in the medical care sector is that hospital éduiniatrators are often 


physicians, who, not surprisingly, rarely have strong backgrounds in 


management. There is, of course, no reason why they should -- 
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physicians are specialists. The unfortunate aspect of the system is 


that they are forced to be big business administrators as well. 


1.4 Motivation for Present Research 

The research of this report was undertaken as a step towards 
bridging the gap between the administrator and the analyst. The goal of 
the research was to use the medium of computer graphics to develop an 
analytical tool which might be-used by a hospital administrator, and 
which would improve communication and encourage co-operation between the 
administrator and the analyst. 

One of the reasons for the conmiiadeacions gap is that 
quantitative analytic techniques are often highly technical, and 
although the administrator understands the statement of the problem he 
is often forced to view the technique: itself ase: black ee which is 
open only to the analyst. theracié a need for tools which lend 
quantitative insight into complex problems while avoiding the necessity 
of reams of computer printout or formidable locking sets of equations. 
Computer graphics, which is only now beginning to be widely used, offers 
a possible answer to this need. . | 

This research is intended as a first step in the development of 


such tools. 


9. 
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CHAPTER II: THE HOSPITAL EMERGENCY ROOM 


2.0 Introduction 

The hospital is a large, complex system comprising numerous 
smaller subsystems. It was decided that in light of the goals of this 
research project, more would be accomplished by concentrating the 
research effort, at least at first, on a representative subsystem of the 
hospital. 

It is worthwhile, therefore, to examine one of these subsystems 
in greater depth: a facility found in: divérse forms and sizes but 
common to most hospitals is the emergency room (hereafter sometimes 
abbreviated "E.R."). In a-sense a microcosm of the medical care system 
as a whole, the emergency room is experiencing profound changes in the 
demands being made of it. The number of patients crowding into 
emergency rooms has tripled in the past fourteen years, from 18 million 
in 1958 to.44.1 million in 1968 to an estimated 60 million in 1972. [1] 
The very role of the emergency room is becoming unclear. <A study of 
patients attending one emergency ward found. that: it appeared to be the 
primary source of medical care for at least one fourth of its 
patients. [2] 

Dr. Reinald Leidelmeyer, a co-founder of the American College of 
Emergency Physicians, cites two reasons for the avalanche of emergency 


room patients. 
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“In the first place, the American people have become enormously 
mobile. It is a rare occurrence indeed that a newcomer to an area takes 
the time to find himself a physician before he really needs one. 

| "Secondly the family physician oowhe had been the focal point 
of initial medical care through the ages -- became more and more 
scarce." 

Thus, points out Dr. Leidelmeyer, the patient chooses to wait a 
few hours in the emergency ward rather than a few weeks for an 
appointment with his doctor. [3] 

The rapid changes in volume and nature.of demand being 
experienced by the emergency.room suggest. that - tine. invested in analysis 
and planning of the system would be well spent. - The emergency room is a 
complex system,.and managing it effectively is- not. simple: the system 
has many variables (e.g. number of doctors, nuaber of “beds, number of 
nurses, patient arrival rate, etc.); numerous complex. trade-offs (e.g. 
an efficient E.R. must strike.a balance between aumbers. of beds, 
doctors, and nurses); and is. highly stochastic in nature (it can be . 
empty at one moment and overloaded five minutes later). Yet with all 
this complexity, most emergeacy rooms are plansed, organized, and 
staffed without the aid of available analytic techpiques.. Development 
of quantitative tools might aid the hospital manager in several: ways; 
for example: 

1. improvement of staffing. patterns 
2. evaluating proposed changes in facilites or personnel 
3. designing new facilities | 


4. estimating future demands on the system, and the 
system's ability to handle thes. 
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‘More specifically such quantitative tools might be used “ aids 
1. reducing patient waiting time 
2. improving doctor utilization 


3. reducing suaceded vias ‘that the patient ‘spends in the 
treatment facility: SB 


2.1 An interective Sraphicel Simulation 


The primary research of this report. involves the avestm and 
ius ieeentation i an interactive program for simulation of a hospital 
emergency room. The emer ency room presents an excellent focus Son“ our 


es tah 


study, because it ‘5 relatively small, yet quite eouplex, and it can 
probably benefit significantly from the use of snaiyeical ‘techniques. 
Recall from Section 1.4 that the paneese - this “research 6 effort is to | | 
use the medium of computer graphics to savales. an cealycicat tool wailek™ 
might be used by a hospital administrator, and ‘teh? could improve 
communication ‘and encourage co-operation between the adaitaistrator and 
the analyst. - Wotk Has beet undertaken’ towards this ond by the author at 
the Programming Technology Division of 4 .%.7*% Project’ MAC. A program ©. 
has been written employing the PDP-10 colputer, ‘the Evans ‘and Suther land 
display processot, and-associated supporting ‘sofewaredeveluped by the * 
Programsing Technotogy Division. The program ie thw -Tool for: 
Interactive Graphical Emergerty Room Similation, witch, for simplicity — - 


and ease of discus¥ion,’ we ‘call TIGERS. © 
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2.2 Cambridge Hospital - 


It was decided that TIGERS, at least ‘at first, would be based on 
a specific emergency room. Although generality is neues ttonepyy 
desirable, the idea of graphical simulation is best ‘investigated first 
by applying it to a perecrvely, specific case. “once initial 
investigations are complete, work can ‘begin 9 on waking: the program ‘more 
general. 

The TIGERS syste is based on the onergency room »at the 
Compr sdge Hospital in Cambridge, ‘Nascachusetts. . It ‘ts ie emergency room 
in the medium size ranges with about one undred patients per aay | 
arriving for treatuent. In the next sections we re shall attempt to 
Sesceive the Cambridge ‘Hospital Emergency Roos, “and give the render: a 
feeling ‘for the facilities, the staffing patterns, and the types of 


patients who arrive “there for tireskment: 


2.2.1 Rele in the C 


The. purpose. of. the. Cambridge Hospital Emergency Room (hereafter | 
sometimes abbreviated CHER) is. to, provide prompt, high quality. medical . 
care on a twenty-four hour basis to.all who arrive there. Although the 
term “emergency room" usually implies a:place which handles. only very . 
serious medical. problems, the emergency ‘room ah Cambridge, Hospital could 
be classified, as a. type of ambulatory clinic. The great majority of 
peeple seeking service. at the emergency raom.do. not need immediate 
medical attention. In fact, only about five pescent, of the arriving . 
patients at CHER are what one would normally call "emergencies," and 
only about one percent are pre-emptive emergencies requiring the entire 


E.R. staff. (This situation is not unique to Cambridge Hospital.) 
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Especially for the poorer sections of Cambridge, the CHER takes 
the place of the old style family physician. This is not unusual for 
hospitals in middle or lower class areas. In the clinic at the 


Cambridge Hospital, and ae other clintcs in gl area as welt, it is 
ieee weeks before one can 1 get an n appointment. It 1s “ot surprising 


ry Wis ig or hee Peaster: ao: eee 


“that the faster paced emergency | room -* often used instead. 


sir a re 


Figures 2-1, 2-2 = 2~ 3 present « a picture of the type of 


m. ? S $,; ris 
Se nmpbeh- £4 Dept 


patient entering the CHER. “Figure 2- 1, the diagnosis of ‘emergency room 


patients, shows that most patients have minor complaints such as 

“ superficial sprains, while the true dnargenciees vanish: Para arrest 
or major fracture, make up only a few ee of shat pastont sso sical 
222 and. 2-3 shew that few patients. (leas than ten per. cent): are brought 
to the CHER. by ambulance (and many of these: wre ietondy: elderly. patients 
transported from nursing homes), while most are conte, te. saa i) the: 
hospital by themselves. Pinatsy, less than cea pe per "cams co8 the. patients 
arriving at CHER ‘have problems sicioue ‘nouch to reside ra sthete baing 
admitted to the hospital, and many of these ae per: cent. are not true. 


emergencies. 


2.2.2 Physical Plant 
A diagram of the CHER is given in Figure 2-4. A typical patient 


walks into the emergency room entrance (1) and immediately registers 
with the receptioniss..-He fills out the.ragistration. ferm, which 
becomes his record of emergency room treatment. Then he sits in the 
waiting room (3) until called by a nurse, whe brings the patient to one 
of the five beds in the general treatment room (6). (He may be assigned 


to a chair if the complaint is minor.) In the general treatment room the 
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Superficial injury oa strain, sprain, contusion ‘ < peas! ca 19% 
1 : ‘2¢3 PH Jey ABD ane oyu a: 
Upper respiratory infection -- viral ey netom ioe de Se Hw 2 %o 
RP MOY yoaent as KRaleq tate 8 ; 
Lacerations, bites, “and punctures bh Gat lye estes det Sota Vee @ 13 % 
PMR Qe Re Ae bo ne ee 
Symptoms and itt- defined conditions Sieg ee a al a em, ay ee Be 


Ae A gore 18K; ge ome - 
a2 ripe : at Be oe Ya an . 


Skin disorders . cS woah 5 a eS 8% 
Alcoholism: be. age oe i Tece pad ee 


Psychiatric disorders. de aed are es 4% 
- Circulatory: disorders © sie ess 4 es 1 ' 


Minor fracture 
*Gonotrhea:  -- 
Dx not specified 


Lower Respiratory: infection: 2on 
Gasfritis ~ gastroenteritis coh ss 
Urinary tract infection ; a | io 
 Heatthy’ person: “Se SF PEAS ehO, VILA 2642028 Se feeel id 
Otitis media ee 1-2% 
‘Altérgioeaction id Gia Bacau dink Guage ee ala ak 
Major fracture as 
Pregnancy and*abortioy "jy — 
BPS Aye GR YRNSE Ps 
” Figure ‘2.1 Common had Alia pbil 
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OB-GYN 1.4% 
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patient is seen Bye a eyeter yen one pecunss: aval iete?. who determines 


Erica 


the required < course of diagnostics and treatment. Very often ne 
patient requires rather lengthy | “non-doctor sreatgent™ guch as. 
laboratory tests, x-rays, treatment by a nurse, etc. “ven the patient 
has pean: treated, he As released; and he either is aduitted to a : 


hospital proper or exits sighs the emergency Vad SSF once QObich is 


mest Bact} 2 hig 


also the exit) (1). 


Ze, Line Pit es 
Re npr Se 


A patient brs As brought ¢ to CHER by an ambulance or other. 
emergency vehicle (usually ona stretcher) enters the emergency, rom. 
> A EEEEIOM > FREE Ea Ea “BROT Hy (Chap eis afer 38 dec e Ft: 


through the ambulance entrance (13). In. thig paaner he {san enter CHER | a | 


without passing through the waiting room or filligg out a form. The 
MHRA GEE HEE Le Ta be ae ; "3G" DREW IVISIAL Ae 28 BAB Mos tifa gre 


E. R. Staff. is. Menerally informed of the impending arrival gf such a Tene 


GLSGe 2 F 
patient about five minutes before the vehicle ectustity. 97'=. 52. the _GQOr, . 


which gives thea. , Pipe te to .prepare . ;for doeling, with 2 aorgal?e emergency. 


police,, fire department, Rene asbylance teevices. 


47 GR J fi RF wae fe en Bee GP ate 


, mediately. _aqsacent | to the erin treaneat, ron reid the shock | coe 
(8),, which is. used for Nery. serious. ‘cages ~<—. as eardiac 1 arrests. me. : 


is the shock room that plays the. role Shag most ‘people normally 


associate with that of the emergency f reen. In this room are all 
Sela Bee ABO aarti oo! 


MOCeS sary . supplies. a treating a a | cardiac iteibae or Osher very: serious 


hs r 
emergency ;_ every. effort is ‘wade fe keep fis roca clear for such 
occurrences. The only, other use of this. Freon is io. obstetric- auch ate, 
conece logical (9B-GYN), cases; sca bed for pelvic | examinations is in a 


ices is 


corner of the room, away from the other equipment. 
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Any patient under fourteen years old is casidared a pediatric 
case and is taken to the pediatrics ‘room (7) instead of ‘the main medical 
treatment room. The pediatrics room m contains ‘three ‘boas and a “desk and : 
is used exclusively for persons under fourteen. a | 

Other rooms in the emergency room are a small staff lounge (10), 
a small laboratory (11) where doctére can’ partorm elawie “tests such as 
urinalysis, a medical supplies closet (12), and the orthopedic room 
(15). This last room is actually the hospital's orthopedic clinic and 
is not a part of the ‘enérgeacy room proper... Unda aot being used as a | 
clinic, however, it is used for E.R. psychiatric patients, both as a 
waiting voce ana as an“ interviewing roca. wen it is ised for patient 
interviews with such ‘people as: ‘social workers aad staPf’members of the 
alcoholic detoxification program. ea ee Serge Sy 

The general medical room (6) contains five beds “(each made 
private by surroundiag curtains), a number of chairs’ ‘for’ ‘patients who aoe 
don't need a bed, a sink, various medical supplies, and'a single desk 
for the doctors’ use. The records of the patients being treated are 
kept at this desk. | the paper work (Le, writing up patient records) is 
done mostly at this desk; therefore a telephone | and the laboratory and | 
x-ray Fequisition forms are alse. located here. " 

| Filling in the diagnosis. ‘and treatment on a patient’ s “emergency 
room treatment record can ‘also be done at the ‘main desk (a). “Medical 
reference books are there, as well as a regular. telaphone (in addition =, 
to the three special lines). the main desk is HST tergely for 
research, telephoning, and consulting with the staff doctor assigned to 


assist in the emergency roon. 
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2.2.3 Staffing 

~The CHER ‘staff *consists<of a receptionist; <two or three nurses, © 
one or two: interns, a staff docter; and, at various times; medical 
students, nurses’ aides, orderlies, and parasedital: students. The~ 
staffing pattern is shown in Figure 3-2, along with the average number- a 
of arrivals: te. CHER, by hour of the day.°°° == 


The staffing pattern is designed: to @éal‘ with the time-dependent 


arrival rate of patients to thé ehergéiicy reom,’ The high? demand hours 


are 9 a.m. to 11 p.m; from’10 a.m. to 7 pie.) during which time'the 


average patient arrival rate is aboot Tite per hour): there’ aré: always at” 


least: two interns and a staff doctor. “Miso during. the day: there are 
three nurses on duty. Theoretitally thé ihtérne provide: the primary ~ 


medical care, while the role of the. staff docter oy icp of a ao 


IBS ASN Ge 
physician. — peat ‘ihe. room begins to becone overcrowded, however, the 
2 ae eae fa [aon €2F Sia hiu 
staff doctor also provides primary | care. ) in practice, however, some of 
2 cae Lobe aet ot 268 BRA efa , ten Psd. berm en 


the staff GOCE OES while still acting as consultants men needed, cengage 


os a : fig 


in primary patient treatment all the tine. In such cases | there are 
8 > Fes - 


effectively three full- “time ¢ doctors in the emergency | room. 


During the aveornd the arrival rate begins to taper off, until 


re ROPES is oF 3 


at night the rate is greatly reduced, on | the reer of one patient per 


efi ee % 


hour. At night only one intern and one aerse are on auty. Generally 


from 7 p.m. to l a-8. a “moonlighter 4s aso employed: he ts a staff 


- doctor or a resident whose role is aes teccee to that of the staff doctor 


during the day. rom < a.m. to u am, Revevat the only « doctor on duty 


is the one intern « on the rnight shift." 
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It is the CHER nurse who first sees the entering patient... She. . 
assigns the patient a bed and measures his vital.signs; .and. then assists 
the docters in working with the patients, watching. them, obtaining 
specimens; filling out lab and x-ray requisitions, and various other 
duties. 

Since the Cambridge Hospital is.a teaching. hospital, it has an 
arrangement with the local medical. schools: whereby.medical. students are 
assigned to. CHER.as assistants. CHER ig: able to request.the numberof . 
such students that..are to be assigned at a given time, Recently, this 
has been limited.to one or two students. The,calibre, of. these students... 
varies greatly; some function almost as another: intern, while.others. .. 


tend to.get in the way and. hinder service. ; 


2.3 Need for Research 

To fulfill its goal on providing fast, efficient, “twenty-four ae 
hour medical care, the CHER has to. solve a “number “of probleas. : The % 
first is Sve to deal with the increased demand. Currently the CHER ‘sees 
about 100 sation: per dav The increasing demand on cl CHER an the past 
aixteah. years: is shown in Figure 2- 5. The number of pationts has ciien: 
from 19, 000 per year in 1956 to 30, 000 per year - tn 1970, while the 
population of Cambridge hax reasined fairly constant. "Such a rapid rate 
of Srowen necessitates either a | physical expansion of the present’ system 


or a reorganization in such: a way that the present quality of service 


will not be diminished. 
Constraints on the hospital's methods of meeting this | orowth are 
both physical and monetary. Thus <ivpiy increating the ‘size of the 


E.R. staff may not effectively increase its capacity. It is probable 


ef s WAR ISY ROMER eas poms a SES Rass ae ia ete yo BSR de eae reir te 


eg a ca 
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Figure 2-5 Changes in Patient Arrival Rate, [956-1971 
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that through analytic Sechntaner:.' we can quantify the relationship 
between the number of doctors: the ‘aber of pede: and the types of 
facilities and procedures to be used. Questions to be answered include 


1. Taking into consideration the different types of 
personnel, the number of each type, and the various shifts, 
what is the optimal staffing pattern? 


2. How close to operating capacity is the emergency room at 
present? How soon will expansion be needed, and what 
resource(s) ‘dil need to be increased? 


3. Is there a better method of allocation of the existing 
resources of the E.R.? | 


4. How does the emergency room's preséiit rote-as.an 
ambulatory clinic coincide with its role as an emergency 
room? Se ao 


5. How long must non-emergent cases aif tte treatment? 
Should a triage officer be used to weed out men conereen’ 
ree 


_ 6. What ‘simple changes. cova streamline the work of the 
exisiing ‘doctors and nurses of the E.R. staff? 


:& 


1. “How How will werieas. propos eed staffing and physical changes 
- affeet tie efficiehey of ‘the systen? 


2.4 Scope of Present Research 

The design, iuplenentation, and use of TIGERS, which comprise . 
, most t of t the work reported in this’ document, actually eneatleg research | 
on several fronts: | 

First the system itself had to be created; the theoretical idea 
of such a tool had to be translated into a bbdaes. | Usable. system that | 
could implement dynamic uodels- of” ER. ‘systems. aes. wroures: that 
evolved is broad: in scope, but specific ‘in’ ‘that at. is. ‘ectually, ‘based on _ 
. comer tee Hospital. enreeeey ‘rooms ere very different Lhe one : 


"another: demands, capacity, staffing, organization, and ‘facilities -©" 
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all can vary with stool dented great latitude. The Bechnsanes 
incorporated by the progran, however, are ¢ general; and TIGERS anes 
illustrate the potential of a more general system. | | | 

Secondly, in order - to use the user-oriented system that was 
Geasaned, a test model had to be pe destoned and “hen tmp Lenonted as a 
simulation. 

OF anahly: a oie aspect of the research concerned | human 
engineerin: It was desired abat TIGERS be ule eas carcone not | 
necessarily trained in operations research and/or computer science. In 
fact it was desired that TIGERS be a self contained package usable by 
all intelligent (but not especially technical) users, especially medical 
personnel and hospital administrators. Usually such models are designed 
for use only by highly trained technical specialists. It is felt that 
there is significant value in having such a tool be available to the 
non-technical user who knows the problems faced much more intimately 
than does the outside consultant. In order to insure that TIGERS was 
made as useful as possible to those for whom it mattered most, the 
hospital personnel, periodic Calan cation was maintained with people at 
Cambridge Hospital, especially Dr. Peter Mogielnicki. Through this 
communication, valuable feedback was obtained towards making the system 
as useful and usable as possible. 

This report discusses each of these three aspects of research. 
In Chapter III, the idea of modeling is introduced; and the trade-offs 
and pitfalls that must be considered in designing a model of the E.R. 
are discussed. The May 1972 study by Markel et al. is introduced and 


discussed in depth. Chapter IV discusses TIGERS, both as an interactive 
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tool and as a smoceking environment. Chapter v discusses the cone eodel 
that was actuail¢ implemented under aie TIGERS systea. “Finally, Chapter 


VI summarizes amet macnn is and what it is not, and attenete ‘to put ‘the. 


es eis ps 


program ‘in a | realistic perspective. Also Chanter. Vv. speculates about | 


wee sh aa of pas [eho fe. 


the future and Basis cut areas where fature research ‘might cs fruitful. . 


fg 


A complete aunrcessns by subroutine, praia of the Tieene system ‘and | 


, < in Pompe hylat s 


a sample of source code froe the progras are snc leme: as appendices. 
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CHAPTER III: MODELING THE EMERGENCY ROOM 


3.0 Modeling -- Introduction 
In order to apply quantitative m methods to. a eerd physical 


system, one must create an abstraction, a model, that describes the 
igskipa 2 pat. rouse 
system in terms of aspects of the system relevant to the study. “Using 


the model, the éaalyst can pactona experiments wich would be difficult: . 


and/or expensive to carry oat on the real system: iia dextipned model : 
‘can predict — the system will react te pisos ie wicca. A 
model can be ‘thought of as as a , "black be box" which accepts descriptions of 
the conditions of interest, and ‘outputs information describing } how the . 


B&B Be 


system would behave given this set of conditions. ‘Often, setting uP 


o. prit is Hae 
nsse conditions in ee real world is lapvacticable: but the model, 
SUC Ope oo. By “ae ta q wits si savise one ri ret 


ian cox serves acs purpose, provides. an abstract representation of the 
peer JaWeT Bo Af boewne2 84S fo yamaless 
reat: world which the analyst can nies igulate more een haidees he can 


ERA ESE Sos ey 
reality. . . 

Generally, ba analyst defines; a "set ¢ of Kysothatical. conditions 
uy assigning values’ to a yaa ie ‘relevant input seramevers, aa thew model 
Gener ses the system's response b by assigning Prana cae output . 

eee are Gs IPs Ane Aye aoa ae. cu taeneey Hes re 
variables. For example, we might wish to know how much longer an _ 
ti sped glissee san aesh aolbisuc 


emergency | room pationt would be expected to wait ina waiting room an 
; sat tapietis satit?- 
une. = for service were to double. A model na the silos might 
Rae Sal 22% apie aciss: ae 
accept as -Anput the demand for service expressed “in requests. per hour, 
ares Shy e@ct saivtas of! i 


and generate as output the esnacied waiting ama in minutes. The model 


8 t agik a rye Piges 
oS Loe pees. 7 Le woe a 


does not, of course, duplicate all aapecte. of the system; it 


2 Po sel at gepkerr neg t 


eS 
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incorporates only specific aspects in which the analyst is interested. 
The model just mentioned, for examplé, would probably shed little 
insight on the question of how demand would change if the service | 
facility were ‘moved to ‘another location. —* — 


Often an ‘apparently complex system can 1 be wodeled well using a 


fe 


monet with a 1 well defined Rept hcues solution. A number of classical: 


aa ‘ wer age care tay 


models neve ‘evolved which are applicable ¢ to whole classes of real world 


oo ae eggan, x ars! 


situations. An: excellent example is the so called “nm single 3 server . 


queuing moe? * “This model ¢ assumes a service evaten involving: a single 


idw msitava se? 
server whose service tine is characterized ‘by an. exponential probability. 
o Seat ttgas P 498.9" 5 as Yo thuwody ad use lela 


distribution function (oat . a) The sasereryivel tine’ of customers 


lest = 
i Ag mE 
ry 22 H 


arriving requesting: service is also cue te Be characterized by ‘an 


exponential pat. If the server is free, the cuatuuer receives imnediate 


id , aide: Aer ae D osalete 2 yey eG bo asta * PRY efit 
service. When the server. is busy, arriving customers enter. a queue, aad 
: £4 b $2,293 ants EEks eos tt ges te eee 


customers are served in a first come first py manner as ‘the server 


Age eas 7 
ne Re thew pte : ra » pat Jevisade sat 4 


becomes available. - 


The sorartoe of such a _meeee yields a set of equations which | 


vet 2 ¢#aft%eb gevlins eff2 .viisyeises 
express "such useful velses: as. the etait waiting se in the —— ane 
Hyioah ee tt (tO Re aE hey ; t Sd 
expected nuaber of people in ‘the queue in cores: of the known or: 
S Hi GOgSas oo ae wily & 
postulated Parameters, average arrival pate and average service time. 
‘hota Ou eho rou! at Aare rfigima ew ,aiquexe wet - eeidaiiay 


Often a situation does not exactly fit the meet but el a enough 
aa 2 aT BE: be gi 5 Fas 
that significant Ansight can still te obtained from its “a. For 


oe 


exanple, . | situation might fit oe above queueing model with the excep . 


tion chat. its service same var deviated somewhat from ‘the exponential. 7 
ee Fibs Dep Louse: 49 209546 cB Bu aes 


The predicted waiting tine in queue, however, night well still ‘be close 


Tees Se eat at te 


enough to the true value to be of use to the analyst. It is, of ‘course, 


45 


extrowely. gratifying to the anatyst when the =stee under study "fits" 
one of these ‘sodels with well defined analytic “galutions. 


Some real- life situations: are nat so ‘co-operative and do not. 


a 


lend themselves to such models. Frequently, however, odes of such 
systems are solvable using computer simulations. The simulation 


technique, which involves dynamically gisicciae. “events* of the real 


ORS at 


world on a digital computer, “is generally sore expensive, but it can 
often be used to great advantage with systems that “are t too complex to be 


eae | 
i APM Lage 2 ae ape. 


solved analye ically. 


3.1. Modeling the 


| Of: first priority do any. analytical..process: is to clarify which | 
questions about the system are of interest. - Often these. questions Gan... 
take the: form of “How dees x vary. with y?" cor. “How sipes x vary with -y 
two sets of: parameters; a set of. outputs (x's).-and-a set of. inputs (y's, 
z's, etc.). 


In this section we. outline our: approach “temas king the 


uy SoG 


emergency room. Basic Asus are Asecunsea. and an ecteert is made to 


x 


communicate the mode of thinking. ieneuesinnedteet the modeling process. 


3.1.1 Isolating Relevant Parameters 
The quality of treatment An me: autho Hospital Emergency 
Room -- and in many of the nation’ s emergency rooms -- is high. 
Problems in these systems arise iota neg: pet tenhs saunas avail 
ee paper 


EnSesOENes of this treatment because ‘the systen ‘ts ‘everloaded. ‘Thus as 


a first step in our “analysis of the “emergency recs, at ‘is decided that 
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the quality of medical care per : se administered to each patient is hate : 
at issue in this analysts: Therefore it addresses itself not to the | 
problem of inadequate medical technology | in bhe E. R. , but rather to the 
Sact that requests for service from the is R. are exceeding its capacity 
to handle ies effectively. It is assuned, ‘therefore, ‘that the system 


oy 


runs smoothly and delivers adequate service ce tong as the system is 
aperacang below "capacity." It is only vivon denand for service 
increases that queues begin to develop “aa the iyetaa bogs « down as te 
becomes "swamped." [2] 3 

Once it is decided that in the present research medical care per 
se is not‘ at issve, the system can be viewed as ‘e! “service: system," in 
whith patients arrive requesting “service” and receive-it as facihities 
become available. The efficiency. of such system canbe quantified —— 
through such metrics: as delays. experienced ‘bythe patient. Thus the 
following parameters ‘can be considered relevant indices:ef the — 
operational effectiveness of an emergency room system: 


1) ‘number of patients in waiting 
room queus 


2) time patient is kept Seieing 
; before ‘service begins ~< 


3) time a patient actually spends. 
in service bane 


4) fraction of patient ‘service 
time not usefully spent. 


3.1.2 “Obstacles Inhibiting 3 
Development of an 1 Analytic Solution 


The emergency | room is cleanin a service ) system, -- - patients 


arrive requesting service, are served as servers becca available, and 
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are released. But unfortunately it doesnot fall. cenveniently into the 
Classic queueing model template. -The definition pf..the-key parameter, .. 
service, is obsavured.by the complexities of the. system. . In a.system.... 
such as,.say, a polige patrol force, ,tt is relatively easy to define. a 
clear cut server.and. define..a distincs service time,...The server.is. the. .- 
patrol unit, andthe service time.ig.the number.-of.minutes that elapse | 
between the time.a unit is dispatched:on-a call.and the time it. resumes. 
patrol or is. dispatched. to. answer, another,.request..for service. ...- :°- 

In the.£.R., an obvious definitios.of service, ting. is. time spent, . 
in treatment. But what defines treatment? ; What: is. She server? In. tha. . 
police patrol example, the server. is. clearly. tbe, patrol, unit... In ‘the fae 
E.R. example.one. is at first. tempted. to defipe the, sR, bed AS MDB es 
server. But this is clearly. inadequate:. noe, service,is being rendered 
when a patient is ijying ina bed waitiag. for, a.dectpr to become - 
available. - The analyat. is. then tempted to, decide Skat the, dactor..4s the. 
server, but this is equally unsatisfactory. -A-patdopt.using the x-ray... - 
facihity is unquestionably receiving. trontnenta tut Af the doctor were — 
defined a5 the server ,:.the Bat ient. atunray, muild be classified. as-2 36 
receiving no service. 00 eae noce ab wnadiema ce 

Thus: the: analyst of. the hospital emengency room is quickly te 
confronted with the problem. that there are several types..of. treatment .in - 
the E.R.,; akl of witich constitute “sermine. Senviee can take the forms | 
of treatment by trained personne] -and/or.-use of physinal facilities. a 
(Personnel dows :not..only :aean denters,: hewever |..Juatoas .imper tant .are i... 


the nurses and paramedical persons.) © 
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Not to be overlooked is the problem of how €o dedi with “blocked 

time." A patient is said to be “blocked” when-he is ‘waiting for ‘a 
resource (e.g: doctor, nurse, lab report), but not feceiving anyother — 
‘type of sérvice. Large amounts é6f blocked’time indi¢ate® that more of 
that resouree is needed’ tn order to be operationally compatible:with the 
rest of the system. For éxample, a latge’Wedber cof bete-woukd. be 
worthless if, even though every patient requesting sefvice- were 
immediately assigned abed;”he spent most of his’ time ime "doctor. 
blocked" state waiting fora doctor. In'such’ a’ system, a wastefel 
imbalance would be present: if the demand were targe; more doctors 
would be needed; or if the demand were aot’ so great, then expense has 
been wasted-‘on extre beds. Im any classiest serving system node; tt. is. 
assumed’ that ‘using the resoutce that 1% the’ server’ (or part of tt) 
' constitutes service. In the emergency room, Wowever, it 46 possible to . 
have a patient who is really receiving. no service exctept:in that he ds: 
consuming ‘one ‘of the teeources. © © 

’ Another Claswic ‘example of Diocked time is. the patient who has 
been treated -and is essentially ready to be released frter the: £ R. , but.» 
who, for one reason or another, is still occupying a ed Buch a: 
situation might occur, for example, in the ‘ctse ‘of -an aged person who 
cannot leave unaccompanied, but whose companion has not yet appeared to. 
take responsbility for tris. Another instance of this: ‘exit blocked” © 
state often dccurs for E.R. patients who are finished ith all &.R.treat 
involves a considerable amount of administrative :owérhwad, and itis -not- 


uncommon for the patient to spend considerable periods of time waiting 
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for this processing. 

As one gets-deeper into the analysis of the emergency room, such. 
basic questions as when a patient is being served and how much service 
he is receiving become significant. In the standard service system 
models, the only variation in service received by: various customers is. 
in length of. time of service. Patients ia the: emergency room receive 
not only different lengths of service but also highly varying types: of 
servite. A patient in a blecked state: waiting: for: a:doctor is only 
receiving service in that he has a-bed.: At the other: extreme isa 
cardiac arrest patient: whe: may be: rece byiag. atv ses fron. aunereus: 
facilities (defibriliator, menitoriag: equigment ,: ate: }. and personnel): «: 
(continuous: service: from several, docters and nurses). Between the two: 
extremes are a range of situations difficeit.te: classify... 

One example is patient observation. dommtimes. it. 4s necessary 5 
for a patient simply to wait in a bed for: an:“ahservation: period." A. 
patient with a: drug overtose,: for: exanmpia,: will: atay: for.-a fex hours. to... 
make: sure that there are no more complicetions:” During: this time, : 3: 
doctor :or nurse will see him afew témesyobut: for the ust part vine: aitatc: 
waits until the doctors are satisfied that ne is:#ell-enaugh: to be 
released. A person under observation:uses up a bed, but how. much 
personnel time does he use?. What service is he receiving?. Such _ . 
questions have no well defined answers: 9 0 820s s5 Reste SOS 

| Similar questions can be asked about such situations as those in 
which laboratory analyses are ordered:-for ‘the £ ®. patient. -:The patient 
awaiting a lab report may be receiving no treatment: except-«in that he is 


occupying a bed, and yet somewhere in the hospital his blood sample is 
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being analyzed. How do we classify this type of treatment?. Where does. 
it fit into a model? Again, such questions: have:no-well defined. | 
answers; 

A significant part of any analysis is to gather. data from the 
system being analyzed-upon which to base: garameter. values of. the model. | 
A value for average.service: tine, for: example,:seeds to be: determined. e 
In the E.R. this can pese &. serious erobien.:< It: has: already: bean. netted. 
that patients receive varying: degrees: and: typebiof service: “A patient - 
might requires ten:minutes ef nurse. tine, five minutes: of x-ray. time; 
thirty. seconds of: decter: time, and thirty minutes) of bet: time:  Anether:. . 
might: need trenty minutes. of. nurse: time; trenty. minutes: 6f: doctor: tine, ~ 
ten minutes of: leb tine; and twe hours: efi bed tine. : | This: variation 
poses only a minor: problem to the data gatherer.: Yo serious: problem is: 
that the: services: are not:deliverel: tw easy to measure: packeyes. 
Returning: once: more tothe: police patro)k exempie, whe notes that data 
gathering 10 0 rather straight forterd process): Serwicn dar: be measured 
in patrod: unit winwtes:: There %s no:-analogess aunts of: service for: the :.:. 
emergency ‘ruum. 2 Purthermore,; Whoever te ‘using © nerver: {patrol unit) 
has the entire server. dedicated 40 kéu.:: Service begina when the unit is. 
dispatched: to answer the call and ends when the unit: resumes patrol or - 
begins service om anther call. » Service if the &.R.ii is: .genenal ly. nat at: 
all dedicated. The emergency room -1s-e ‘coasteitly changing scene: with: . 
ductors and nurses cont inee! ly moving from patient te eationt,: thirty 
seconds here, two minutes there: Neasuting .corvice received by each . 


patient becomes a formidable problen. 
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The problem is made even more complicated by service being 
rendered by non-E.R. personnel and facilities. The £.R. is not a closed 
system. It is common practice to have a doctor cakted: from the floor in. 
order to consult with one of the E.R. doctors. The most Frequent 
occurrences of this type occur wasn a radia or an orthopedic 
specialist or a psychiatrist is seeded: Also, in the case of patients 
to be admitted, a doc tee cee ‘the floor is called to initiate and 
Supervise pPeribinery medical care (care adainistered before the patent’ 
Is actually ohtecreny admitted by. an adaitting officer). These 
moureids doctors" use the E.R. facilities, including one of she beds for 
the atime for what. are ~eount ues ee periods ot time. Several non- 
E.R. facilities ney be involved in the care of an E. R. ‘pationt. “The - 
most common of ehese are the 3 ATAY facilities and the laboratory — 

Seg 28 Avg: : 


for cultures, blood ‘aaivile: etc. ae Specimens obtained in the E. R. are 


rig @ 38 


taken to the ere floor laboratory ae a nurse or nurse’ s aide. “(iote: . 
Most mareene means to x-ray, but if one of the beds of ‘the e general | 
treatment room is needed for transporting the patient ¢ to x-ray, its 
space is left empty. Another bed is not hoe in . 

The reader may note that underlying this*entire discussion of .~ 
the complexities of the emergency room has been the idea of balance. 
Smooth and efficient operation of the emergency ‘reem-is absolutely <<. 
dependent upon a preper balance existing “among the available resources. 
There is no single server in the “emergency room. Beds: are useless 
without personnel, and personnel. are-wseless Without ‘a:place to:works 
Carrying this idea one level further, déctors ‘can ‘do little unless there 


are also enough nurses in the system, and nurses, ‘in turn, are only - 
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useful if there are enough doctors. The marginal utility of an 
additional unit of any resource is highly dependent: upon the existing 


quantities of other resources. 


3.2 The Hay ak Study 

In May, 1972, one of the first efforts an ener sency room 
analysis was undertaken ny Harkel, Purks, shieles, and Weissberg. C3] 
Their purpose was to gain insight into the interrolationships between 
number of beds, staffing patterns, and arrival rate of pationts; ana how 
whose parameters affected the quality of service | as. | measured by the 
indices defined in Section 3. 1. The study * was one of. the first attempts 
at quantifying these relationships. | | 

a some ways, the TIGERS model is an extension of the work of 
this Hay 1972 study. In this section, we therefore discuss this study | 
in considerable detail. In the last section ve made an “attempt to : 
ecemunicate the type of thinking necessary. for wodeling the E. R. This 
section, in addition to Gescr sping the work of ‘the Nay 1972 study, is 


aes 


also an extension ‘of that atteat: 


3.2.1 Simplifying pene 

It was decided early in the analysis that the emergency room .- 
could be viewed as a multi-server "service aysten’. as described in 
Section 3.1. Once it was decided which parameters .were relevant te the 
analysis (end of Section 3.1) it wes mecessany te meke od aumber, of 
simplifying assumptions. This is necessary for any modeling process; 
factors which do not significantly affect: the parametersof prime 


concern can only add overhead. 


§3: 


It was. decided not to include pre-emptive emergencies in the — 
model, because the vast majority of the CHER's patients are non~- 
emergent, andit is this type:-of petient ‘that is eventually going to 
strain the capacity of the system... Furthermore, although: an emergency 
such as cardiac arrest: requiring the entire onanpenieys room staff for an — 
hour or more seriously disrupts the ‘system, it: happeris so rapdiy chat 
the factlities of the: sieck room are ‘leeagh € by the hospital to. be 
adequate to fill. present needs. (The ted. th ‘thd defibrillator, 
etc. is at this time used only for pre-emptive emergencies, net for nen~ 
emergent patients.) 


Another SASUROLEON davolved peripheral facilities: “the use of 
sare eg fra : 
the DEY ONI ARES? pearance: synecological, and alcoholic ‘detoxification 
AL Ps Sa ab are 


dh FES 


facilities and staff usually does not aavetve members: of the E. R. staff; 


and the facilities used” by these departaents are » independent, for the 
Lb 8k Ife) PA: ree aes 
most part, of the general medical Sea caent aes For this reason the 


LP aiid us ta 3 test 


mathematical model did ‘ot include these facets of the E. R. 
The whyetees Capacsty of CHER is about seven patients an the 


general treatment room. ‘There are five. beds in this Baca and 1 new 
pacrent’ are 2 seldom called in unless ‘there asa a bed free. However, — 
there are also a few chats; : and! many wen i need of of a ‘bed or 
who come back free x-ray and nae no beds avatianie, ie in ‘chairs. 

From the physical size and layout oF th ne room ane from their own | 


& 


observations, the team determined that seven was a reasonable eee 


of the maximum number oe adult patients in ‘the system at. one time. (The 


nurses almost never ‘let more than seven in the 1 room at | one ‘tise: If 


there are many peopte at x-ray, then | even ir beds are prea: no more 


135 
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people are called in; chne the room is prevented from becoming “flooded” 
when those at x-ray return.) — | 

Because the rete of arrivals at night was low, it was decided 
that..it would be inefficient to increase the nigit staffing: above the - 
present one-intern policy. «If too many propte to be handled by one 
persom arrive, the interw can cet) elsehere within ‘the hospital: for - 
help. ‘Thus, the farkel et al. medel concentrated on # daytine situation 


with an arrival rateiof: five :peeple par houn sands: etetf jaf: ‘two interne: - 


and one staff doctor on: duty... Youd: . RSew fei. 


3.2.2. —The_Two Stage Node) 
The main object to be modeled was , the | general <céntuant | room. 


Die! 


Typically a | patient is ‘called in nie a nurse, who: Cia hin a bed ‘and 
takes” ‘his vital signs (pulse, teaperature, ate.) before he is examined 
by a dector. While a patient is Pe the emergency eee. pe ‘is ‘seen many 
times bye a doctor, usually for periods 0 of ra minate oF Ge rather than : 
for one uninterrupted p period. In addition to the decegeacy Fs room doctor, 
the patient also receives a number of non-emergency fon dk doctor 
services, such as laboratory tests, corer: Sosceltine yi shvsicians: 
nursing, and resting and waiting. Peas sees decue™ pine wertay’ | 
ack other ‘ae d overlap the ¢ decter tine eae (e. a. "a Saris often helps & 
doctor ‘treat a patient). ‘To hid absolutely 0 true to site, osckoo time _ 
anouie be modeled as the : sum of a random pokac of sacks veriaies: - , 
interspersed with a randoa nuaber of r randow-Length non-doctor services. ‘ 
igyeo ure ub g:eatted tiubse Yo tadeur soars: Pe 
The approach | that the team oo fever ds fitting oe ‘emergency 


ia 


ys 


room to a eodel with a an \ analytic : solution was to divide the time: a 


1 BD ayae! 


patient spends in the ‘emergency room into. two categories: "doctor" ond 
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“non-doctor" time. That is, a patient in the emergenty room receives 
two services, those of a doctor and those of ail other fatilities and 
personnel. An inherent important absemption;:intoowe Rey assumption of 
their model, is that all non-doctor time afd a1] doetor time’ are: 
aggregated into two uninterrupted service’ periods. © 

‘All patients are assumed to avail thekselvés of non<doctor * 


services first: This includes nursing, Being sven’ by noi emergent 


doctors on a consulting basis,” getting @ Dlobd test of x-ray,” or being ~ 
under observation’.”* Next,“ dir the mode? @14 Petients ate deen bya doctor 
for an wiinterrupted period of tine. When fdniecter Tehdtions overtap © 
doctor’'functions (e.g. being seen by both & doctor end a nurse} the time’ 
is counted as being “dottor time." °° 9 © 805 8) 0 Soase et ae su uaesse 

‘Becdise there’ ate ‘at most thrdv'reyelal’ devtors in the -emerguncy' 
room at one time, and one of these is the staff doctor whose Tole 23) 1°55" 
theoretically is as a consifiten® for ‘the ‘thterns, ‘thehubber of people 
beiiig treated at any one time is ‘usally Less shai Seven) Witle ‘there |° 
are seven “beds,* only three of thes cask Be Seen ‘by & Uowtor at once: 
The others, if they have:-fitished their WEEAsector seeviaw (io other? > 
medical: ‘treatwent being ‘adainistéred), ae considered ‘to ‘be ‘ina 
"blocked" state, i.¢. waiting for a-decter. -"- 

Since the téan decided to‘ conceltraté their analysis only on the 
physical ‘capacity and ‘the nuaber of doctors of ‘thé CHER; «their model © 
does not explicitly ‘accéunt for nurses; addiedl ‘studerts, peramédical 
students, orderlies, etc. They ‘dre, ‘Wowever; -ineerperated twto “the ner 


doctor time of a patient. SG, L5, BAP atge re lone 2 tse 


3.2.3. Medel Structure 

_ The team's model of. the emergency room. is, shown. in: Figure 301... 
Seven patients can be treated at one: time. and. each patient receives. daha 
.*:5Wadde spven.pationts 
can be in the system at any time, only three or. fewer (assuming there. 
are three: doctors on duty). will be. seeing.a.decsor,at-any:one time. The 
remaining. patients. will, either be receiving oare.other.than; from an... 


basic types. of seryice,. “doctor” and: "nonrdects 


thom. Thus, the. made] is.a two stage aulti-server: aystem,, mith, no. quate, . 
allowed between: the two.atagas. Lf x doctors ars, busy, with, patieats, .~ 
then 7-x. beds. are available.for other patients, both for non-dector .. .. 
services and for waiting to see a dector....A queug;:ts aAilowed, ta form. in 
front. ofthe first-stage, of. the models his qpeup. cornesnands, #9 the 
waiting room... 0 60  ctac ae sd Bt peadd ye nen NAA aeed eon vR oo 
.. Service: times are assumed to be exponential .. The diatribution. |. 
Of doctor: and: non-decter. Gines of. ¢ JA0% semehe, taken, for, eleven, hours . 
of observation. on each of... ays. te -chow im Biguee 3-3. . The 
distributions supper’. the sxpenentiel searing tine assumptiqns...The 
mean doctor, time ts the parameter: l/s. and theumegn men -deghor. time 35. ..; 
the parameter 1/8. For the firet medelcef the nresant sysheme it. ms. 
assumed that two interns and :e -steff doctor mere:on. duty.an the 
emergency room end ‘that ‘the staff -decter dablewed his theoretical role, | 
acting os @ consultant to the iatems.. It ae mee axqumed ; However. 
that when the syatem.was full (seven patiqnes). the staff -dector would. . 
deliver primary care. Because the staff doctor was jaat as available -for 


help or consultation while he was a primary server, it was assumed that 


Lab test 
“ray 


x 


NON-DOCTOR a sai 
Consulting physician 
SERVICES Qbservation and waiting 
Nursing EMERGENCY ROOM 
DOCTORS 


\ PATIENT 
ARRIVALS 
PER HOUR 


NO QUEUE 


(POISSON) 
QUEUE in 
WAITING 
ROOM zo4 
"Xx". DOCTORS — 
| GECUPIED 
ar oe ass : EXPONENTIAL SERVICE TIME 
7-X" BEDS AVAILAQLE 7 (Parameter t/p) 
EXPONENTIAL SERVICE TIME | 2 i 
(Parameter 1/8) . # . 8 


: Figure 3-1 Two Stage Model Uséd by Markel, et al. 
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the average time needed to care for a patient increased; was used 
instead of 

The arrivals to the system by hour of the day for a one week 
100% sample are shown in Figure 3-2. The arrival rate can approximately 
be represented by a Poisson process with an adult arrival, rate lambda 
which varies from 1.2 people per hour late. at night to 48 people per 
hour during. the day. ‘The model has seventy-six states, ‘each 
characterized ‘by the number of patients being treated by facilities or 
staff other than an E.R. doctor, the némber being treated by an E.R. 
doctor, the number "blocked," and the nenber in the queue. Length of 
-the waiting room queue was limited to five in order to keep the number 
bf states of the system model from becoging unreasonably large. Also, 
observations indicated that very seldom! were there more than five people 
in the waiting room at any one time. i - 

The preliminary work of Markel @t al. provided evidence that the 
two stage queueing model can be useful. ' There was, however, a epasensss 
“that a comeuter simulation would roan yield stronger respite, < . First: 
a simulation would be much more flexible --  quafitities of rénistinea® 
sould be easily manipulated. Second, since no. analytic solution would 


_ be needed, ‘fewer Simplifying assuaptions would be necessary. 


Average Number of Adult Arrivals to CHER Each Hour 
74. (Week of 7/10/7! to 7/16/71) 
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Figure 3-2 
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~~ cuaptér’ iv: Tigers 


4.0 Introdustion ei deena: sedans 

AS mentioned. in Chapter. I, the, arasent, reasearch, was, motivated. by 
the goal, of creating, an, analytical. Sool, which might, be yaad by: the, - 
hospital, administrator, andwhich, could aid jm: dnidging. the 
communications gap. that exists. between. the: adpiaistrator. and the | 
analyst. The design.aod implementation: of; she: proonam TIGERS represents. 
the greater. part of. the work.of this research project. A. direct, ie 
outgrowth of the Merkel et al. stady,: the: TIGERS system wes developed . 
with two main goals in mind: 1) to design and implement; a simulation + 
based modeling environment which would necessitate fewer simplifying 


soitslumrZ Leotdeaty avi busses 


assumptions than the model pieces by “‘Warkel, “Ppurks, ‘Shields, ‘and 


eee 8 : Sete al laeusativse BAARGIT 4 
Weisberg: aad thus make possible amore detailed and policy-relevant 
4 * TE éae@ exs [ebom edt dainw ap on os 
model; 2) to daveles. a medium of communication for pitt the 
= Sethe BGasbueez € regubsxs moisal un, S42 unk 
quantitative results of. is anetveis in an intuitive manner raquiring® 
ee (iA iva F ee an ‘ogut elybedoe tolbas a2s2s¢ stul seat 
little training in. systens analysis te comprehend. Pursuant to the 
ay ad JMaigsq ones’ Joagve afte atauegteac. 05 
goals outlined ‘in Chapter r the primary research effort was 
1 aap Fa - To fauep sdo efnemevseb. ti: 
concentrated not on designing a highly accurate model of a particular 
“A Gh Fis aig yo tauen sd¥ atmameisnt or tags 
emergency “Foon, a rather: on development of a beats which could be used 
— 2eGecdig It guerp 8 et Teetgan and bus. gi fon 6a” 


for cach. a purpose. 


aid GHltu VEiFRS TINS 22 ene or 3 Cah ee 
"Any analysis of a public system is almost necessarily a ‘co- 
ie @ SVS ee Bae OP PRESS i 
operative effort shared by the analyst and the public adainistrator, in 
‘Of8 633978085 Gie .¥ 
the rodect is actually to result in ‘constructive change of ‘the avstea. 
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The analyst has effective mathematical tools and skills. but. ‘it is the 


Iertay 


ERMINE aie 


administrator who has intimate familiarity with the problem at hand and 
who can keep the analysis on a track where it can be of other than 
academic value. | 

In this chapter, the Tool for Interactive Graphical fwergency 
Room Simulation is‘ discussed in detail, as‘ the’ environent is described 
both from the point of View of the hospital ativihistrater and that of 
the analyst. We first define the type of siiuiletiod’ upon’ which TIGERS — 
is based.’ We then introdece the idea of graphital interaction and the — 
nodeling: philesephy which! makes the TIGERS woGel sohewhat different from 


other simulation models. ‘Next the user viewport: ak@ interaction with  — 


- the model are intreduced,: ahd finally the idea of TIGERS es’ a'nodeling © 


environment is dicuased.- = ™ ited od EPROM cao t 


4.1 Interactive Gra icak s dasion 


The TIGERS environnent is based’ upon a sercalled event paced 


EE Ms: 
simulation, in which the wodel vege associated with it certain data 
¥ ae no Peer gt : im 
mare and. the simulation executes a sequence of events wich ed change 
an dept 2 WES Wi 22° a27iens G3 To ed igeet ae aS es 
these data bases and/or schedule future events. For sianpie: the model 
$i 2 egugisor gmejgave @b gerald 


aie 


‘might incorporate the « bebibeeche ene patient to mers nis event: _hanges 


two Gare. bases: it decrements the count of number of pecpre a the can 
wresteent Foon. and increments the count of the nunber of people at x 
ray. It may append the patient to a queue of patients waiting for the 7 
BRUT & st 


. x-ray; or if no one is. ace using =e a rey and no asene. exists, 


the “send patient to x-ray" event will determine how tong the pationt 
a Be at x-ray, and generate another event, ‘return from i to ‘the 


main treatment room. bs 
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In a typical computer simulation environment, tha.uso of a 
simulation program involves three steps: 1) A-set,of parameter values is 
determined. 2). The simulation -is :rua..for.a. preset.length of time or. 
number of events, or until same preset..condition.is.met, 3) The printed 
output of the values.ef -variables -deoned-danertaat is examined... These 
three steps may be :repeated:a nusber of :tines;« Ablciaformation 
communicated to the-user: fromthe program. is transmitted through the 
"printeut.". | 

The .philosephy :of -the TIGERS program. differs from that of most 
other simulation programs. A-simulation under: FIGERS. is an interactive 
graphical process; i.@. a process .whichmainteigs:costiaueus two-way .- 
communication between the user :aad the progres: ; Fee: simulation 
communicates with the user, not through campsu¢er-printout,.but through a 
dynamic graphical -display-en: a:¢Bi.scope./:Ferough this opedium, TIGERS 
keeps ‘the-user continually informed of: the:present~state:of the: . 
simulation.: As:-be 16 monitoriag: tha: progress: ef: thecsinmukation, the — 
user has the.-ability at any: time: te start: or: step: the,aimLation or make 
paeiue tee cchumees or request. information... its: iageractive:.graphical 
nature facilitates useiby: theoslanter: ev: jubdipnadpisdasrater.as:wellias 
uby. the trained analyst. More accurataly;ene might. sey: that. such: a: « 
System is accessible by. both, ant therefore tan: &opefully. serve as a... 
focus. towards creating a more. effective taam.:. in: the aext. sections we 
shall discuss in greater detail the ramifications of these: graphical. and 


interactive aspects of the program. 
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4.1.2 User Interaction with Simulation Programs 

The key feature introduced by a high degree of interaction is 
great flexibility, since flexibility (as we shall discuss below) is 
largely a function of degree of -interaction. -Flexibility.‘is desirable 
because it encourages the extraction of @ large quantity of information 
from the program in a relatively short time. Degrees of ‘interaction can 
be broken down into three categories. 

The "lowest" category is that of a so-called “batch programing" 
system. In order to execute one run ofa simulation; the user decides 
upon a set of parameters, types ‘them-up (usdaDly ‘of punched ‘cards) » and 
submits his deck (typed program) in an alisarks bin. _ Hours or anys later 
the user can Pick up his deck and printed output from his ‘output bin. 
If the user wants to try out another idea, he must 90 through the same 
process agai. : oe : 

The next category of interaction 4 is that of stander? time- 
sharing. It is significantly better in that ‘the user communicates with 
the progres not earoum punched cards, but through an on- “line , 
teletypwriter. The user Submits his Job tbe his console, « bee the 


Compueer types the Eotevant results of the simulation on the user' s 
o-/? Tas S€ BC 1.52 
cuiieete in minutes. This is, of course, a sicaificent improvenent over 


barch Lait A 


A third category oF interaction is interactive not only 4 ay that 
Cgc ow Veg aS v 
the user can change parameters before. running ae version of the: 


met 


iwilacion: but also in that he can interact with the simulation at any 


time during its execution. “Buch Anteraction was ‘strived for in 


designing the TIGERS program. The graphical trace allows the user to 


follow the simulation as it runs, and as long as it looks interesting, 
he can let it continue to ryn. If he sees an interesting state, he can 
temporarily stop execution and investigate-the state in depth. If he 


wishes to. change a parameter at any time during the. simulation, he. ‘is— 


‘free to do se. Thus simulation ‘in. a TIGERS-like environment becomes’ a 
‘process which the user can continueusly ebserve aad :4n which he can: 
‘participate. Such a program is not ound :to the ‘three steps described 


earlier. which characterize mest:other simvlations; ‘the .graphical trace 


creates, a situation such thatthe progres ces he run for as long, but - 


only as long, as the.user deems it useful. - 


4.2 Interaction With the | Simulation ates 
Implewenting an E. R. Socet under TIGERS necessitates interaction 
with the program at more than one level. “There is no ‘rigorous 
hierarchy, Put if forced to erererentiate, one Regal isolate ¢ ‘two peimars 
facets of the use of TIGERS. On one Level, the program is an 
interactive graphical similacine with which the user can experiment with 
a given model through use is ‘the program's two operating nodes. on | 
another level. TIGERS is a epdeiiag environment 14 eave subroutines are ‘ 
written and data bases are structurally modified, or sonetines even c 
newly created. . as - 
In this section we discuss in detail -— use of the ir interactive 


program to ) experiment with a given wodel. We will refer to the 


experimenter as the user of ‘the progran. “ describe below the man= 


} 


machine interface and the use of TIGERS at the suser tevel: 


i i Pagae 


69 


4.2.1 Physical Facibities 

The program TIGERS communicates with the user primar iy ‘thraugh 
the graphical display on the ‘CRT ‘scope. The user, in turn, can ‘Give 
‘commands to TIGERS through the hand-held ‘stylus igen) and tablet. 
(There is also two-way Communication. thréugh the teletypewriter, but it 
is generally unnecessary at the user level :) “The facility is shown in 
Figure 4-1. The user sits in front of the CRT-with the tablet. 


horizontal directly in freat of. hia The pen and tablet allow the user 


to "point" to objects displayed: On: oy ‘the fablet: as a surface 
that. is sensitive: to ‘the ‘position of the stylus. The surface of the 
tablet. maps: dato the. face of the scone Saab that ouchiag. a Dosne on the 


‘tabled with the: ‘pen is like. touching. the, ; res ssi fing. point on the . 


scope. . In this - dseussion when we. refer, cz 


the ‘tablet. an actual alse, the user sir 


touctring the tablet: - Because the pen n Pes 4 ion ft. 


a8 


dis she objects. 


touched by. the a eat, it. is through the display buttons tha the user 


can’ “give co . : toa denerwise communicate, with ‘TIGERS. Ia | TIGERS, 


all Light bustons take the. form of a labei and an associated sensitized 


looks like this: 
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(J INITIALIZE 


Whenever the square is “hit" feourned) by the pen, ‘the states of all the 
resources are reinitialized. (A more ‘detailed deseription can be found 
at the end of Section 4.2.2.) - 

TIGERS operates in two possible "modes," Modify and Simulate. 
Simulate is the mode in which actual simulations take place, and Modify 
is the mode in which the user can change the values of various 
parameters. When TIGERS is first started, the program is in Simulate 
Mode in a "stopped" state; i.e. the simulation is stopped, but ready to 
be started. TIGERS is inactive but listening, waiting for a command 
(i.e. for a button to be hit). The CAT tn an initialized Simulate mode 
appears as in Figure 4-2. This is tee stage upon which the scenario of 


‘the simulation takes place. 


4.2.2 Simulate Mode | 

TIGERS stage: is composed of. thirtead’ separate . sectors: Main, 
Blocked, Waiting, Lab, X-ray, Shock, E.R. staff, On call, Lounge, 
Nurses, and. three unlabeled sections. (Blocked, Shock, aad Lounge are 
not cea in the current implementation.) Each sector represents a 
different subsystes of the emergency room. The mobile elements of the 
-system-are the stick figures with ade Shaped heads. (S08 ‘Figure 4-7) 
which represent the patients and the emergency room personnel. For lack 
of better poentet recs. nurses have wet enguser: Heads agai hexagonal: 
consultants, octagonal; and patients, square heads.  mabere aad types 


of persons in each sector are indicated by the presence of the 
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Figure 4-2 The CRT in Simulate Mode Just After Initialization i: 
eA Je a ee ee Sua Be imgiies bas cfeoewiae sc oo cea 0 be 
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appropriate number of the appropriate. symbol (stick figure) in the 
sector. The clock at the bottom of the ‘scfeen indicates the elapsed 
simulated time since the last START of the simulation. 
Three of the sectors are indicators of availabie emergency room 
personnel: | : Seen hae 
Nurses -- emergency room nurses os beanl vese 


E.R. Staff: --. drink xia ceeccnn deomniecetrirl assigned — 
full time to the seer gency roe a — 


On Call -- doctors who, although aot ecationea in 
the E.R.,° can be called into: _ en “when 
it yeceees creveed: a : ; 
Bg ct Ee ae eRe ie ah 
These chee sectors indicate Siaber of start wo are on aed ana not 
busy, i.e. ready | te treat patients. Thus wien = program is 
initialized, these sectors indicate the ‘total number on. duty, since at i 


LE gba a 


time zero none of the staff monbers are ¢ busy. Thus the parameters of 


Pest z cs < 


the model of fame oe are initialized at four nurses, ‘three doctors, 


bp 
oe 


and one | doctor on call. 


When the simulation is initialized, fe “patients are “indicated in 


UBS. 


any of the sectors, because ‘patient arrivals 0 not ppeole: of course, 


until the simulation has started. 
The sector marked Mrs aia represents the waiting room. As 
the simulation generates achivels, they are assigned. to a bed if. 


ye 


possible. it this cannot be done 8 a. af no pes is Hees or all nurses 


are busy), the patient vote a ‘queue in the waiting § room. 


The area labeled HAIN at the top of the screen | represents the 
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main treatment room. sane bed- like objects represent beds. Associated 


with each bed are four "Tields* (Figure 43). “Field 1 is ‘the patient 


Vocation field i (tigers. re -4). | ‘It indicates that either ‘tie bed is eat in 
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use, the patient is in the bed, or the patient is-at x-ray. Field 2 is 
a patient state indicator field (Figure 4-5), It may indicate the 
following states: 

- OBSERVED -- under observation. Often a patient will stay in 
an E.R. bed, sometimes for several hours, simply to 
ascertain that he is ready to be released. Patients with 
drug overdoses, for example, are often watched for a while 
before they leave the E.R. Le ARS a. CONTE ae os 
LAB WAIT -- leb blocked, waiting: for. lab: test. result.. 

Often, a patient's treatment is delayed: uatil -his: test 
results are back from the lab. 
EXIT WAIT -- exit:. blocked, finished. with troatment,.: but exit 

' delayed. Delay might be caused by administrative. red tape, 
or sometimes simply by oe of Shemsper tation: 


150. ep ase 


These states: are ‘eritical ‘Gezauie patients a m these states | account for . 
much of the use of a significant E. R. resource oo bed space. i 
Field 3 is a “server indicator® field (Figure 4-6). It my 
indicate either that a patient ae eta. served by one of the E. R. 
personnel or a consultant from the floor, o or that the patient is ina 
ap nOeEee state® -- etic aia no treatment aac waiting for such service. 
| "Field 4 specifies the "type" of patient secupying the bed 
(Figure 4-6). Patients may be classified by type of treatment. 
necessary; and by monitoring the types of patients in the main treatment 
room, the user can ascertain which types make the “greatest | resource 
comands of the systen. . | i - - 
“In a typical "scene" there mint be a couple of patients in beds 
being seen by doctors, a queue of patients waiting for ‘the: xray, and zi 
several available = R. personnel. A ‘change of state en g. a A patient 
moving from bed to eta) is displayed as ‘it occurs. ‘The user is able, 


for oxuaple, to see a patient sent to x-ray, ‘see queues ‘build, or ‘notice 


FIELD 1 


Ass _ 


UBSERVED sua 


oo ri 3 


Figure 4-3 Four Fields of TIGERS Bed 


—— 


Figure 4~5 Bed Field 2: Four: Rossibie, States 


- Figure 4-6. Bed field. 3: and Bed: Field 4: - 
Seven and Three Possible States, Respectively 


Ve toes oeepte ee So ner p tte 
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a patient in a blocked state waiting to see a doctor. 

Figure 4-7 is a typical scene which might appear on the CRT 
during a TIGERS simulation. In the main treatment room we note seven 
beds. There are seven. patients in this scone, six of which are actaalsy 
present in the main seeatmeet recon. The seventh ds in: the. xrriay area. 

_ Note that two patients. are waiting Sor Laboradocy. gorse results,” “The 
emergency: room represented by this ode is svafted by. three doctors and. : 

- two nurses, and has one. doctor on. cali. Al k: the: pyrsesrars:.Qusy (hence — 
the patient in the nurse blocked state). One of the doctors 4s busy and 3 
the doctor on call is available. One patient is under observation. 

An important aspect of the display is that-it is intended to 
lend intuitive "feel" for what is happening ug well as convey | 
quantitative information. It is for this reason that queues of patients 
or staff are represented not as numerals, but as actual collections of 
stick figures. A crowd gathered in the waiting room conveys a much more> 
intuitive idea of the property “crowded” than does the numeral "11." 
Similarly a blank space in the x-ray area conveys the ideas “empty” and 
"not crowded.* 

It might be argued that the numeral "0" communicates as well as 
the blank space, and that the numeral "11" does as well as eleven little 
figures. The author contends that this argument might be valid if one 
were only interested in the state of one data base, say, the waiting 
room. But when one is interested in the state of the whole system, the 
stick f saures® COMMITEE DS: muctt wore: effectively: Usaeg-numerals instead 

of queues of figures ‘adds one y level of rca | If one were only 


watching one queue, this abstraction might be insignificant; but when 


MAIN 


WAITING — 


Figure 4-7 Typical Scene During a TIGERS Simulation 


hag pg AN eS HERTS tre cp or ete poe ge 


Pe eer Reed +. 


several data bases are being observed, the extra level does become 
significant. 
The two unlabeled sectors. in ‘the Lowe. Pgh “certier ‘of the 


screen contain the light ‘pettons which -cortess as 


foe 


which TIGERS will secept in Simulate Mode. ‘#neyare as follows: 
START -- AEARSS the. simulation. 
STOP -- stops the simulation, if it 1s-runaing- 


CONTINUE -- allows the user to continde-etintading from 
the point at which he STOPped execution. 


INITIALIZE -- peiwik ialteas all data bases to met” 
initial state. Waiting room, lab, and x-ray are a tied: 
all beds are made fe froma pll staff are made availabl¢. 

STATISTICS | =- really ‘two bust ON. displays ” the 
unlabelled sector] at the bottom of lacie camlative - 
Statistics such ps total number of pafients that have gone 
throug the sys’ and aver service 
time.;; OFF er - (See Section 
5.5.) 


MODIFY -- _ shops the simulation add switches to Inoaity 
Ce Og gee : - bee Wi [ATR 


ors teqeibie for the user to alter critical pargueters of the 


simmdat kon cae: any time that the simulation is stopped. ait changes are 


¥ Pete 


made ‘in Heddy ‘edo, and switching to Modify Node automatically stops 
ach Swit is 


3 
i CRO simulation. im-the present implementation of- TIGERS; ‘upon- entry to. 


Modify mode the display appears as in Figure 4-8. The eight parameters 
in the upper left are the simulation parameters which the user can 
modify. It is a trivial operation to add or subtract from this set of 


parameters, but ‘in the 3 neagont Ve leaen tation ae Reka te no ae a the 


untrained user to do this automatically. Altering the set of 


MODIFY MRE: : 


Sm or ee cm. Ors: ’ Ls | 


kid 
: se 
& 


SP seed of beau 2) wogtud aaaue al) 
WELCOME TO MODIFY MODE 


o FETURN TO SIMULATE MODE. 


Figure 4-8 TIGERS Display Just After Switching to Modify Mode 
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“adjustable parameters" is at this point a job which involves 
programming, albeit a simple ona. 


The lower half of the screen in Modify mode is known as the 


"blackboard." It consists of a "writing area,* ten. gispla biitrons: 


associated with the ten digits, a decinad olny. rotten, and. an-erase 


a3 ee Auge 


button. The blackboard is used for-eneating tah ate Sa 


turn used to assign new values: te-medel panemptens< 3 


met F 


nee 


string," which upon entry to Modify mode is. the null “string tno : 
characters), is displayed in the writing area. Whenever any of the 
' digit buttons or the decimal point button ts hit with the pen, the 
“associated character is concatenated to the end ef the current string. 
In this manner, integral or nonintegral numbers can be “written” on the 
blackboard. The erase button is used to reset the current string to the 
IM APE! Tir ger tay 
null string in case the user wishes for some reason to rewrite the 
string. 

When the user wishes to change the value of a parameter, he 
touches the associated button. The program responds by displaying 
“CHOOSE NEW VALUE .°" Thé user then whites a buabiir, the ew value, on- 
the blackboard. This done, he hits the s cruatiak button again, and. the 
value of the parameter is changed, both on the dee Foo eH the ‘ 
—progran. ’ Figuré 4-9 is a snapstrot of the CRT in  Hedify. Node an the. > 

blackboard is being used. The user is modifying the x-ray time 

parameter for Type 3 patients. He has already hit the parameter button 

and cs now ere hse! Sexe Spied Bi valine: faut new value. The pen 
ii rye! AGT Bs 


is still on the "zero" button which appended the last "0" to the t text 


string. The user's next step will be to hit the parameter button again, 
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MODIFY MEE. 


ONABER OF ER. OOLTORS: 5 


ae 
apt: srs, “ts 


p vats Pern ea ; a feee CHET 


uni 


MLZE S82 22 dca TO 


0 PETURPN TO SIMULATE MODE 


Figure 4-9 Using the Blackboard in Modify Mode 


_whereupon the average x-ray time of Type 3 patients will be changed to 
20.0. The interested reader wii] find-o: more detailed description of 


Modify Mode in Section A.13. 


After he has modified ail the parenetis. pat be washes ¢ és 
change, the user can return to simulate, “4 Een 


SIMULATE MODE button in the lower Jaft sireer, : ee 


continue from where the Simslation was 


he can begin anew by hitting PREVINUICE: followed by Sant 


4.3 TIGERS as a Modeling Environment 

In Section 4.2, it was mentioned that one might differentiate 
among levels at which TIGERS is used. We found that TIGERS, from the 
point of view of the experimenter described in the last section, is 
something of a simulating machine with afpkeh-he can set the values of 
critical parameters and investigate the model's behavior under these 
conditions. But this user level can only exist after a (hopefully) 


a 


Be 
valid model has been formulated and the appropriate programming 


TeV Tt . ¥ < be 


completed: In this section we delve more deeply Ave logic of 
+ € ¢ 
TIGERS, aia elamilte tite syaton from tht péiat of view 


f one using 
TIGERS as a modeling environment. We first discuss model formulation, 


and in the section foarowing we Giscass the Aeatpnent ates of: Madanl 


SAORI OO aA MME AGM ee POR ee atte 


ormulatea: ‘asdel ‘ 


4.3.1 Creating a Model: World Lines 
18. a of, fo ting t Feency Foes model is formidable. 
if ait Ms ests koe fhe ont pug €- owed 
The problems faced by the Markel et al. group bece: Section 3.1.2) also 


face the analyst using TIGERS. However, the simulation does allow the 
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analyst considerably more flexibility than that team had working only 
with an analytical model. The ‘Markel et al. group was forced to 
aggregate all emergency room service into the two classes "doctor" and 
"non-doctor" services, whereas simulation can take into account 
seperately such peripheral services as x-ray, lab, outside consultant 
and nurse. Nevertheless, there is no avoiding the difficulty of the 
task of creating the model. | 

Developing a model in +icERs vivelly means writing a scenario 
describing how given data bases are to be manipulated. A simple 
formalism has been. developed for describing the model in terms 
compatible with the TIGERS environment : a world line is a possible 
course of events that a patient sky experience from the time he arrives 
at the E.R. until the time he exits. The term is used to refer both to 


the actual sequence of events and to the schematic diagram describing 


tigagst 


it. fee ey —_ eto lere 


Consider the neatone eceren seqpence of events which an 


&, oo 
eae ae fo ege 7 PERS 


accident victim might siporiucice. 


1. Patient arrives at E.R. 

2. Waits in queue. : 

3. Called into main treatment room by nurse. — 
4. Seen by nurse. 

5. Seen by doctor. 

6. Has blood sample taken, and sent to lab. 

7. Sent to x-ray. — 

8. Lab test results returned. 

9. Seen again by doctor. 
10. Seen gain by nurse.” 

1l. E.R. treatment terminated. 

12. Admitted to hospital._ 


This sequence of events can be described by the world line shown 
in Figure 4-10. Another patient with say, a sore throat, might have a 


much less eventful E.R. visit described by the following set of events: 
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ARRIVAL 
WAIT 


NURSE 
eit 
LAB TEST ORDERED 
X-RAY 
LAB RESULTS RETURNED 
mae 


NURSE 


ADMIT TO HOSPITAL 


Figure 4-10 Example World-line (long) 


ARRIVAL 
NURSE 
DOCTOR 


EXIT 


Figure 4-11 Example World-line (short) 


mee apenas amet ea 
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Arrives at E.R. 

Seen immediately by nurse 
Seen by doctor i 

- Released eer 


PWN 


This second sequence of events can be described ny the. world 


oe aa eis a. = a 


line’ in’ ‘Figure 4- ‘Hl. 
A. patient arriving at thf. R. has many possible world lines. 


His visit may last anywhere fran a few minutes to several hours, and his 
rig eaatie maybe quite simple’ nr: eee complex. Many possible world 
lines can be combined in a world line tree. The world line tree is a 
construct which, cap be;used go> indicute several anssible sequences of 
events which a patient may experience. Consider for example the three 
world lines in Figure 4-12. A patient in a hypothetical (and highly 
simplified) emergency room might always éxpevieace one of these three 
sequences of events. In Figure 4-13, we have a world line tree which 
incorporates all three world lines of Figure 4-12. 

Whereas the world line indicates one definite path of a patient 
through “event space," the world ligectres indicates a set of possible 
paths. Thus if one is told that a patient has an associated world line 

GORDO 


tree similar to that of Figure 413 he ‘kgows that the patient's path 


os 


through event space will _be-tne of the three world lines of Figure 4-12. 


oe 4: OS 308 
Each aode “ot a world line tree with a unigie ‘Line branching out 
from it indtcatessp #aigy in space-time where only one thing, one event, 


can happen next: This e event. is indicated by one single branch. A node 


ths 


with, more ‘than one outward branch, however « inaicntes a point in space- 
time’ where’ several possibilities exist. In order to indicate the 
likelihood of the various possible events, a probability is generally 


associated with each branch: of. the tree. such that the sum of the 
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probabilities associated with the outward JBeane nes ae any node is one. 


It is also aestrabie to have information about how long the parreny 


remains in the state represented by a node Therefore an addition to 


associating probabilities with each branch, a conditional probability 


distribution function (conditional « on which branch sa chosen) is 


fogs 


generally waeeciaeed with each node: 


ay 4 SR 
* “ 7 t $ 
Pus we ie 


- can now be noted that the world ‘line tree provides a 


web Po wore uc aieste popes feat geob ar dpuccyat 
mechanism to ere the need acprecséd: in Section 4. 2. an that secre 
Pigie ebedgap Pagid lene peigy gute 
+ was stated ‘that developing a ‘model in Tee =e writing a “scenario 
i ‘ ie ee a jayian aiiZ . z : wry 
for the way in which the given data bases are to be manipulated. We 
ahs ee Qo nl aneadaudiega gaiytifqetre ites os ay 
note that ee can ‘be aoue. ‘in three Steps: 
ret ee eflormrr gest et Bighvig a@1 Aake 2° SeyYLANe ail. 
1. Formulate a world line tree which incorporates ee 
the possibie; werid. lines: that:mightmbeiasgetiatedswith :ac:iiv &> 3? 


pores ne to the system. 
+8 me 3 <* «9 go bebiced caf siazglsns ens SONG 6. 
2. Kasion a probability te each branch of the tree, 
such: thes thessumof the probaebiiitdes:ef ¢hezbraaches below’ 
each node (except the terminal nodes) is unity. 


* FEStG2 o¥85 GF 2f Side of og vew vino eA ar 
3. Assign to each node. n probability distribution 
funcfsions: (wheré: vn is: the: nesber? ef: branches smanating: from - 

the node) that give information about how long a patient 


will spend at that node, if he reaches it. 


Serra g Rie 2 


tg 


In real: life,.. the world line:eredtaébocieted: with’ a patient 
arriving:at;the E.8:.has:an extremely lerge neber of branches and 
nodes: - However, the probabilities: asceciate@ sith Best: OF the branches: 
are near zero. The: TIGERS: program differentiates among patient types by 
assigning different: sets: of nodeapdteiad’ brane: probabilities: te each 
type of patient. (The: programmer. can effectively assign: different trees 
to each type: by setting: certain. probability variabies: te zero.) - The job 


of the analyst in designing a‘ medel ine TIGERS’ 10 te: formulate trees: 
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which ignore the rarge’y irrelevant branches and “incorporate the 
relevant ones. Once. again we are | faced with the trade-off of accuracy 
versus ‘programming overhead. Clearly if the model incorporates: details 
that have little effect ‘on parameters of duterest. ‘computation- time is . 
wasted. On the other hand, if not enough detail is included, the model 
may not provide useful ee 


Thus although he does eave considerably more , Mexibiniey: besewr he 


Ae f8 Fs 
& ass LFF iat 


‘would have ir he were using analytical methods, similar ae these of 
ari gol evap Bae 
Markel. et al., the analyst-user of : Tieens stil cannot avoid the need. to : 
zit 
make careful simplifying assumptions ta generating a model. 


The aetse s task - indeed fer from simple. Pruning" the | 
ey 4 Safa ics 
tree without. Amwahi¢ating: the models: results: is. meee nets: enough. But 


in medi tion, once besa Sree Ras tecites sed ‘the "shape" ‘of the world 


bgiGet B "Hae2A S 
line tree, ds: coaiae: te ‘assign wales te nodaupar ta and: branch 
Sueoyg > ae: 


‘probabilities. . Loa only way to do this 1s to take careful data as the . 


! Hs 3. Fb a € a 


actual ewergency. rose ad: calculate. eonropeiate valves: from’ these® ears: 


4.3.2 Implementation ale 

* We; bave:. sadd: shat: TIGERS: can: be: described: as: an efvironment in 
“which the asalyst cen imploment:oa emergency reom.wodeli :daplenentiag:e 
mode]:.implies writing a: bimelatioes >; Even: withda: TEGERS, . thevenalyst:’ a 
must still write the simulation; the program Wiliset:d) this: for. him: 
(at. least. net. yet).- However, TIGERS does. maktc thes Job: sigsificantly | 
easier; it. provides. a.set.of subroutises,..pretecols: and date; bases which 
she analyst..would: otheswise. have: to. design: hiusel€::i for aclacge ciass.: 
of models, the analyst dees net have toomite-nenvreusines:or create jnew 


data bases himself. Rather the process of implementing a model usually 
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involves modifying the data-bases and routines already supplied in the 


system. The main features which TIGERS offers the analyst are 


1. A “simulation frame" consisting of a protocol for 
defining events, an events scheduler which keeps track of 
events and executes them at the appropriate times, and 
routines for adding events to the "schedule." 


2. <A set of data bases and routines for managing them. 


3. A “basic set" of common events such as "send 
patient to x-ray," "schedule lab report," “generate new 
arrival," “release patient from system," and several others. 


4. A set of graphics routines. Almost all of the 
graphics is handled automatically by TIGERS. TIGERS 
supplies functions such that any graphics handling the 
analyst needs to do is trivial. 


The interested reader should consult Appendix A, in which these 


resources are discussed in depth. 


This empty page was substituted for a 
blank page tn the original document. 
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CHAPTER V: 
AN IMPLEMENTED MODEL . 

5.0 Introduction 

Chapter IV introduced the TIGERS environment for megeting the 
emergency room and described jaterection with. the program. Since it was 
desirable that the environment be demonstrated and tested by at least 
concn use. a preliminary model has designed gis dap lemented ‘ei the 
system. That model is the subject of this chapter. 


In designing a model, one must continually keep in mind what it 


is he wishes to accomesisn with it. kay questions include 1) In what 


a? 


ua packs of the system under consideration is the experimenter 
interested? and 2) What parameters influence these aspects? 


Specifically, which eepects of a patient’ s y visit to ‘the emergency room 


meh cych 


are being investigated meen the nodel, and which “factors associated with 


his visit will have some effect on these iteas of interest. 


5.1 Design of the Medel 

Section 3.1.1 discussed ‘which aspects of the emergency room were 
of interest in the current research. We established that for our 
purposes the emergency room can be viewed as a server ‘system, and that 
the following parameters are relevant: indices of :the eperational — 


effectiveness. of the this system: © - 


sere Me 


TATED EE ene ola SD do le creates a So 
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1) number of patients in waiting 
room queve 


2) time patient is. kept waiting 
before service begins 


3) time a patient actually spends 
in service 


4) fraction of patient service 
“Essentially, the task dakided upon | was to “combine the available 
emergency room resources in such a wey ‘that the pationt time spent in 


the  aystes is kept to a minimus without sacrificing quality of medical 


care, theiveby nininizing patient blocked time. 


. r oe 
lip sw peat i 3 


As has pee discussed at Length in Chapter ‘It, the ef ind eions 


of blocked tine and service _ are not ase ae. | We ante: 
$ Sars tees SES heres 23 rh Pj Viite dT esagee pe 
ah a fine Line exists between the. two. For. purposes of ‘the Current. 
aodel. it was s decided that any: state ia which ae: pationt, is ‘icing: no 
emergency room resource except a bed shall constitute « a blocked state. 
wet wl PO Pate whe os Si. 


Otherwise the pation’ is ‘said to be receiving service. Thus ‘tise eae 
waiting for a laboratory report or under observathentis tot :cewstdéred .< 
blocked time. The reasoiling behind this éeetstedtis thét.a patient 
should be ‘considered blocked ‘only*if he tis :staphy ‘taking up space...” 
Therefore when ‘a patient.is in awliecked state; tt <ts an-indicat ton: that 
some resource :is ‘Lackiig ‘at that aodeut; ior that -soulething ts ‘bldcking= 
smooth operation of the system. Thus forsthuccensient :itmj bementavion?": 9 
the four blocked states are waiting for sector: waiting for nurse, 
waiting for consultant, and waiting to be released from the system; that 


is, doctor blocked, nurse blocked, consult blocked, and exit blocked. 
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In Chapter III it was mentioned shat one of ene padyaneege> of a 
simulation model over an analytical models a la Narkel et al. is ead 
the simulation is capable of as into ) consideration considerably more 


detail than she analytical wedi: However, unnecessary detail can 1 only 


Bagi 


impede the wodeling effort. It is desirable therefore in building ‘the 
Simulation model +6 take advantage of the capability to explicitly 
manipulate Gevaert but not waste tine on non- sphomeetsve ‘computation. 
“Ideally, oF one wishes to consider explicitly in his model all such factors _ 
that do nave significant effect, while at ‘the same tine » keeping: ‘the . 
model as simple as possible. Too much detail is a common pitfall in the 
design of simulation models. al 

As a first step in the building or oe model, a “number of 
questions were formulated =o explicitly focus on important factors 
contributing to patient time spent in the svetia Jaa E. he racources . 
used. These questions served as a basis for the model asstans The list 
of aiestions follows: ; 

Is the patient's problem espectdtty non-sertous? This question 
is important because, as was mentioned ay “Chapter 1, ‘a | large number of 
patients requesting treatment at the emergency | room have in fact very 
minor problems. (See Figures 2-1, 2- 2, 2- 3.) Such | a | patient should be 
dealt with explicitly in the simulation model because he demands fel 
atively little of the emergency room's resources, and his stay is 
generally short. | a 

Does the patient need x-rays and/or. laboratory analysis? These 
are two important hospital resources, the | use of which always makes a 


patient's stay in the emergency room significantly Longer . “Furthermore 
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if these resources are needed, the patient frequently ines more of the 
valuable resource of E.R. sbpomin: time. Delays caused pe queues. at x 
ta or “packiogs: in the lab also cause a ‘drain oak. bed space aa Stel. : 
constitute blocked ‘time. “Thus a pot tlensed in the x- x-ray or lab can 
eventually manifest itself in longer service times and longer waiting 


room queues. 


= 


Is an outside consultant L required? Sometimes the emergency | room 


coF Seat Tee 


doctor finds that it is necessary to call in a specialist (e. 9. a 
siruecn): ‘frea elsewhere in the hospital. Even eere: than x-ray or ‘lab. 
use, calling ‘in an : outside physician is a sign ¢ ‘that the patient being 
treated has a more comprtcared share than most end will therefore make 
relatively large demands. on E. R. resources. Furthermore delays incurred 


while waiting for the outside physicsan | to arrive constitute blocked 
me is 2 GE WR BES ERY Sia ft ab baited 


time. 


Does the patient require observation? Such patients are of 


concern because they often occupy emergency room beds for hours. 


As the patient: admitted to the hospitat proper? This question is 


important peceuss often wnat time is spent in aduinistrative overhead an 


# Z 4s OP Pg pied 


a rg : Co as eee 


blocked ‘tina. 


admitting a patient | to the hospital. Suck. time can — considered 


Once this set of vent cene was formulated, the next step was to 
Sa PRS E ES nf, ju ud 
devise a simulation alaoetthe: to das tenant vaciuus possible world lines 


f. 


of patients. _As stated earlier, bie) meyer lve was fo make such an 


ear Sa Page as 


algorithe as Bemnle: as possible without sacrificing the ability to 


answer -explicttly the above questions. The aggregation technique used 


by Markel et al. was ‘Gaia saployed in the design of this sigetitha: 
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although fewer simplifying assumptions were made. 

The world line tree upon which this algorithm is based appears 
in Figure 5-1. Briefly the algorithm can be 4escribed as follows: A 
patient is seen by the doctor one, two, or ‘three times, depending upon 
the complexity of the treatment needed. in visit one itis first 
decided whether the patient has a problem whigh can be especiaily easily 
and quickly treated. If so, the vathent leaves the system quickly ‘and: 
does not see the doctor again. Otherwise a second visit As scheduled. 
It is also during visit one that it is decided whether the patient will 
use the x-ray or lab facilities. - 

Doctor visit two does not occur until after the lab report (if 


it was ordered) is returned ‘and the patient. has returned from x-ray (if 


eet) 


he went). During visit two it is decided whether am outside consultant 


physician is to be called. coer = 3 rece orsa 
The third doctor ‘wisit ‘etcurs only if a connate was called. 

The patient may see the doctor a third time when the consultant ced 

left. Note that the more complicated a patient's casei the larger the 


demand on the E.R. facilittes and personnel. 


At this point the reader interested in further technical details 
should read Sections A.7.2 and A.B which describe the model in depth. 
Figure A-5, which is especially useful, is a flowchart’ which describes 
the algorithm used to implement most of this three-visit model. An 
important aspect of the algorithm is that all decisions based on chance 


are binary; the. entire algorithm is baséd on yes-or-no questions with 


‘ probabilities of yes (or no) set by the user. It is felt that by making 


all such decisions binary, the user can manipulate the model with more 
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RELEASE. NURSE 


RELEASE 
. LAB and/or 


pea aie 


OBSERVATION RELEASE ADMITe.\ae ©. 


RELEASE —S ADMIT 
: . TO. 
HOSPITAL 
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: ADMIT ARE 
HOSPITAL 


DR: 


TT 


ADMIT RELEASE __ oa ; 
TO? 0 OBSERVATION = > gem 
HOSTAL ) | ADMIT RELEA SE 


RELEASE ADMIT ee HOSPTFAL 


~~ OBSERVATION. 


fiai fig t>- 


Figure 5-| World line Tree of Current Model 
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control than he might otherwise. 

A goal of the model design was that ma jor factors influencing 
length of patient stay and amount of resources needed to be explicitly 
variable in the model. These are the variables in which the 
experimenter will be interested. In Section A.8 are itemized all 
parameters which are set by the experimenter in the current implemented 
model. We note that each of the critical questions mentioned above is - 
explicitly contidared in the model and can be varied by the 7 | 


experimenter. 


5.2 Defining Patient Types 

The wortd- line tree discussed in the préVfous section répresents ° 
all possible world lines for patients under this test“model.- The” 
values assigned to each node and branch, however, may differ with each. 
type of patient, as noted in Section 4.3.1. “For the sample model, it 
was decided that three types of. patient would be implémented. 

In choesing to implement three types of patient in this model,” 
the experimenter divides the population of arriving patiehts into three 
classes. The criteria upon which this dlvtsion ts’ based depend upon the 
information the user wishes to extract from the modet. By setting 
certain world line probabilities to unity‘and others to zero, the user 
can effectively assign a single type to all patients With certain world’ 
lines or classes of world lines. In this manner, the user can isolate 
any particular classes of patients that might hold special interest. 

For example, suppose the user were an emergency room planner 
interested in drug-overdose patients who spend a great amount of time in 


the emergency room bed under observation. These patients, once initial 
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treatment is over, often require little additional treatment. They do, 
however, often occupy a bed for hours, thus making a significant demand 
upon the E.R. resources. The planner might be looking for ways to 
reduce the demand on an overloaded emergency room, and considering 
setting up a special observation area for such drug-overdose patients. 
In setting up his TIGERS model, this user assigns all patients of this 
class to one type, say type 2: First he sets ‘the ee rate ae this 
type to the appropriate “nieber based on: ‘data ‘uathered at. ‘the h hospital. 
Then he assigns the value one to the probability parameter which “0 
describes the probability of of a patient’s undergeing..observation. 
Finally he assigns. parameter yalues for. the ether types, based. on the 
fact that patients.of these types and. patipats.of type 2:are aytually | 
exclusive. 

When the experimenter finally runs the sigylatien, he is able to 
explicitly observe.hew.much of the overcroyding.is being caused by the — 
type 2 patients. Alse,-by setting the arrival rate. to. zero, he can 
observe the effects. of removing this, type-entirely.from.the emergency 
room (presumably to. the, special. observation: area). .ve,mightnetice that. 
the removal of the type 2 patients had. jittle effect,.or..he,.might notice. 
that the introduction of the special observation area has. solved. the. 


overcrowding problem ofthe main, treatmgst.room. . 


5.3 Assigning Parameter Values — 

Before running a simulation under TIGERS, the experimenter must 
assign values to all the variable paraneters of ‘the adel for each 
patient type. Figures 5- 2 and 5- 3 are the sheets ‘which: the eiperimenter: 


must fill out in ‘order. to sively parameter valees ‘for ‘the ‘currentiy. Fry _ 
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Value Variable 
X,-3,-9 | XR? -- Is an x-ray necessary? _. 


LAB? -- Isa laboratory analysis-edited: for 2° 


X,-3,.6 2 


0,O 6 EXITI?-- Does the putient exit immediately: after 
tte “first doctor visit ? 


0, XX 3 NUREX?-- If the patient does leave immediately, 
does he see a nurse fitst? — , 


X,.2,.7 4 ADMIT? -- Is the patient to be ‘Gawiitted to the 
hospital proper ?- 


X, 0,1 7 CNSLT ?-- Does the pane see a consult 2 


X,-X 5 OQUT-AFTER- CONSULT ? -- If the patient does see a 
Sens “does he exit itnmediately after: seeing a consult ?- 


X,-2,.2 8 OBS?-- Does the patient undergo a period of 
observation béfore he teaves the system : ing 


Figure 5-2 Currently Variable Branching Probabitities 
. (Typed numbers refer to position in Probsch vector.). 
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Value Variable 


X,45,45 | ADMITT-- time spent in administrative "red tape" 
waiting to be admitted to the hospital 


X,25,25 2 ADMIT2-~- time spent in administrative "red tape" 
waiting to be admitted to the hospital, after having undergone 
a period of observation 

X, X,25 3  CNSDRT-- time spent with a consa 

xX, X,10 4 CNSLTT -- time spent waiting for a eonsust 


X, X,20 5 DRCNT -- ‘time spent on second doctor visit if 
consult, is, scheduled . 


~ By XX. 6. DRIMEX.-- time. spent: wltp - Boer meters immediate 


ai 


4\Q.:7. -DRNXLT -- time, spent. with .doctor:.on first ein 
rT if lab report but no x-ray is scheduled... aa. . 


X, 1,1 8 .DRNXNLT - =. time. spent. with doctes:; aie Le? Goctar 
visit if no lab report and no x- ray are scheduled ..... 


X, 15,X. 9 DRT2 — 7 time: spent, with, dactor ee ‘doetor 
visit if no consult is scheduled | 


x, X, 10 10 10 DRT3-- time. spent “with, doctor. ‘on. a third. doctor. 
visit 


Bee ee Se Sy ee ee eg ye AE oi at | «ee * 
X, 10,10 I! DRXT -- $ime. spent with, doctar.op, second doctor 
visit if patient is sent to x-ray 


X, 15,15 12 EXITT -- time spent in exit blocked state before 
leaving emergency room 


X,20,20 13 EXIT2 -- time spent in exit blocked state before 


leaving emergency oom, if pe pas ae a ati of 
observetion. SoG 


99,30,30 14 LABT --'time before fabbretory: ‘analysis results 
are returned 


12, | le 15 NURST-- time spent with nurse 
X,60,60 16 OBSRVT -- time spent under observation 
99,12,12 17 XRAYT—-- time spent at xray 


Figure 5-3 Currently Variable Means of Random Variables 
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plemented model. The former COMET IEES the propability variables; and 
the latter, the means of the various probability distribution functions. 
(Certain of these variables are “currently attached to display buttons. 
The others can all be varied through the teletypewriter. As nes been | 
dizciesea in Chapter IV, it is not ape cuke to attach frequently 
changed variables to display blietons. ) “The ordered triplets. which have 
been filled in the blanks of Figures 5-2 and 5-3 represent values which 
have been assigned by the author for types: two, three; ahd four, 
respectively. (Due to an idiosyncracy of the programming, the three 
types are labeled two, three, and four rather than one, two, and three.) 
The values assigned: are not beset! onrigereus-ant detailed: data. - But 
they are based upon the author's experience in: the Cambridge Hospital 
emergenty. room and do represent: reasonable: valees.- : 

For this model, the types have: been defined: as follows: Type Z 
represents the patient with a trivial problem. In the three-doctor-- 
visit model, such cases typically see a: nurse only once, see a doctor 
only once, and are in the E.R. for a relatively. short: tine. “Although a 
significant percentage of the patients arriving. at: the typical emergency 
room are in fact of: this type, they represent:.a relatively: small drain - 
on the system because they use so few resources. and their stays are 
short. Type 3 represents the patient who: has a somewhat more. serious 
problem, and therefore makes significantly. greater: demands on the E.R. 
resources. In the three-doctor-visit: model, the Fype 3 patient sees the 
doctor twice, and sometimes makes use of various other E.R. resources. 
The Type 3 patient represents the greatest lead on the £.R., since, 


although the demand per patient is not as great as that of the Type 4 


ra aoe ee ee en 
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patient, the Type 3 arrival rate is generally mice mAGeE: The Type A 


patient represents one most serious cases. Type 4 patients always need 


a 


to have a consultant called in from the hospital proper, and generally 


demand’ more of the ‘available | resources ‘than any oEner type of patient. 


As aitendy noted, however, they generally « occur relatively infrequently. 


§.4 -Us: the Model 


The. purpose of this. section is: to commumicate ean idea. of. what. it 
is like:to.sit ia froat of the CAT aad tablet; and use: the TIGERS 
program. The author requested Dr... Peter: Mogieinickd; of the Cambridge 
Hospital to. act as a “teken user" and; te: experiment. with the pregram eas) 
he wished. We describe here a part of that sessios: : 1t weudd be . 
desirable to have a motion picture: te accompany: therm iscussion ,. but we 
shail: do the next best thisy andi refer to: the: figurws-at the end of this 
section. . mm | a RE Te a : . 

‘It is: importent that: we note: that: the: displayed: statistics, as. 
they are now implemented, can be a bit: misleading. «First, the. displayed 
Statistics are: based on patéents. ro temper io the aypsten::: Any: patients: 
visible anywhere on the screen: are stikl in: the system ate therefore: do 
not affect, the cumulative statistics. ‘Secondly: pationts:in:the system a 
long time ago: ‘have'es:much weight: inthe average es patients: just - 
released. it may: prove desirable ‘to weight the wore: recekt patients. 
heavier in: caiculations of. averages: (so thal: effects of more recent 
changes ‘are: more easily discerned). : Bearing these facts: in: wind, we 


continue with our description ..<c.se0%% ote esneresde 


Initially the parameters of the model were set as in Pike dell 5-2 


£5 eS 


and 5-3. The proures was p dnbt ia} teed to tive beds, ‘two nurses, three 


emergency room Sectors sili one aoctor”) on call. At ‘this point, ‘the 


screen 1 appeared as ‘in ars 5-4. “The ‘simlation was then started. 
This hypothetical, emergency roca ‘appeared at first to be 


oe pe bus Hey 


functioning smoothly, but this was an | ALlusion attributible to the tack 


that the s7atee begins operation empty -- with ‘all beds free and all 


‘7 08 x 


facilities available. As soon as the facility had had a | chance to fil 


up, a quese began to form in the waiting room cad grew steadily larger. 
tevadae Ade. ee 
It became clear that for : some reason this emergency room was not able to 


teH#> a2 


sectors adanuataly in ‘the face of the dasarde being "nade of ‘it. Thus 


pAgGec > aga“ 


after ‘four hours ana ote aven mipates rn similation was wtopoed. 
with the "stage" appearing as in Figure 5-5. lies 

Dr. Mogielnicki commented about there being ten i patdents in the | 
waiting room queue, while four st staff wenbers wore idle. Clearty, » an - 
imbalance among the resources was highly probable. | We mentioned earlier 
that a program such as TIGERS is especially useful for making the user 


seek rer pre 


aware of the facasaity of msintaising balance ceca ‘the resources of a 
Comp TOR systen. Here the two observers (Dr. Wogieinickt a and the author) 
were sCOntronted with . an example. | 
The next step was to ney to alleviate the imbalance. | It was 
Clear that adding more staff ‘yould prove fruitless: already there 
appeared to be more chen could be Ns Aaee orrec cee. an such a systen- 
Also enere were no unreasonable Barina at ey or in the lab. The | 
bottleneck appeared to be that there was hot enough bes ‘Space to 


we bo faa Ges 


‘necomodate the Settente: ‘Thus the | next. step was to cay aaeeoaneing more 
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bed Space sate the recee 


Two more beds were "added; nothing else was 5 changed. tts 


Simulation was started anes from time zero. The extra beds apparently 
solved ‘the problen. Figure 5-6 shows the system ‘etter two hours and 


g lauitens 


three minutes of elapsed simulated tine. | Recall that even with ‘the 


five-bed systen, the simulated E.R. appears to function smoothly at 


first because at time zero all beds are empty. “Therefore the simulation 


was allowed to keep running, “ané the two observers watched. 


Fs ‘ rw at a EMS: G. 


“Several | interesting aspects of the system became apparent as Brie 


PA Voge few 2b) Meese t eres wrt Fan 


simulation ran. First, the characteristics of the various pees took on 


: .f 93 Se} ofa oak ¢ a aes 
Special meaning with respect to ‘their iugacdradal demands | epce available 


Late : 7 


resources. Type 2 pat lente: for example, were interesting in that ‘they, 
TP 88 BAR WSQ: 
were not seen an the system fot Apis as much time as the others, in 
i beds pag eee ses ius "Be 
spite of the ‘fact that the écbivar rate of Type é pationts was ts 0 


rieg epee Bones: FP lL5 at oe fo Med ,% i 


parents per hour compared with i Ls > at 2. 0 and Type hg ‘at 0. 8. Type ee 


ae 25 TEE 


Sat Pantss—on the other hand, were seen i oe system a surprisingly high 


proportion of the time, considering their ion arrival rate. Type 3 
aoe Eee Se Yana? 
patients were cheer ty the ain drain on the system: unlike Type c 


: aad: not ¥ 
¢ rae oes ss. a wg wed get 


patients: ‘they used a significant amount of available. resources, while 


eS 1 ee oe at weber 
PTHAGE AB ATs 


their erraves rate was as high as that of Type é. “Aithough ‘the arrival: 
rates of the Types 2 and 3 patients were } equal, ‘there seemed to be more 


Type 3 patients because ‘they were in the gicton so much Longer . or. Ho- 


t y $a a 


gielnicki remarked that if he were * considering trisging certala. ‘types oc 


ee gh ; eed 
a fee FI: 7 


patients ‘to a ‘clinic in onder to recice the load at the ‘system, ‘Type 2 


oye inert Saurus fon Raw Oe <4 ta: ty BG oF boa ase Bre Fae 


aby ae would. not appear to be the type to enenees since they are in 


and out of the "systen so quickly: 
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The systen as it ran seemed reasonably stable. There seemed to 
be an inordinate number of patients in nurse-blocked states pees pegure 
5-6 for example), but the problem did ‘not appear serious enough to | 
impede the runes sonsne of the system. The waiting room } queue held as 
many as four patients {at 5:26--see Finire 5-9), but within | thirty 
minutes had decreased to zero (Figure §- -10). In fact, at 6: 13 (Figure 
5-11), the E.R. was practically enPty: In spite of the fact that the 
number of patients in the nurse-blocked state Seemed to jeliceie. that a 
another nurse would not have been wasted, “the two extra beds solved the 
overcrowding problem of the five-bed systia. | - | 

At this point Dr. Hogielnicki, oc aeciae the rate at which 
arrival rates were increasing at the Cambridge Mospital Emergency Room, 
wondered whether this seven bed system would be able to support a 
heavier load. Switching to Modify Mode (Figure 5-12), he changed the - 
arrival rate of Type three patients from 2.0 to 4.@' patients per hour, 
thus increasing: the arrival: rate ef pattieabs eof «11 three types from 4.8 
to 6.8 patients: per hour. 

The CONTINUE button: was then hit, and the’ Simulation continued 
with the higher arrival pare By 8:16, wll: seven beds’ were full (Figure 
5-13). Nurse-blocked states continued te: be evident: By 9:20, there : 
were four patients in the waiting room queus?(figute 5-14).° The two 
observers began to suspect that the higher arFival’ rate might be more 
than. the system could: comfortably: cope with. At- 10:10° the’ waiting room 
queue had reached a length of 8 (Figure: §-15)5* and! the’ ebservers decided 
that their hypothetical emergency room would: net: handle the increased — 


load. 
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The question of how to bring the system back ante: balance once . 
again arose. Dr. Mogielnicki decided that the present configuration 
might simply not be large eagugs: but he. was not convinced that the two | 
extra beds had brought the system into balance. ‘Recalling the 


inordinate number of nurse blocked states that nee been observed 


q xe Bey is op 


rpeongnous the simulation, he decided | to alleviate that problem by 


adding two extra nurses, and then to continue the simulation. 


ce 
we “hE 
* a bal 


The two extra nurses clearly nade a | difference. "Nurse-blocked 


states ' were no icacer a problen. In fact the system seemed to be 


- running smoothly saat By 1: 4 the waiting room queue length was down 


to three (Figure 5- -16), and by 14: 03 (Figure & 8- -17) there was | one 


a: 
patient in the waiting 1 room. 
§.5 Statistics 
Recall: from. Chapter IV that: one ef the display: bittens controls :* 


the display of: statistics in SIMULATE mede::: : For’ the: cetrent: version, it: 


“has been decided that the following statistics be displayed?:™ 


>> d.:- pumber of. prtieats: who have bern: treated:: (915. © 
2. average time in waiting reom: queue. 
3. average service time per patient treatet aes 
4. average blocked time: 55 owe Ho ae eS 
5, average dector.time.per:patiest treated. 7 6 4s: ou cote es 
As described.in- Section: 5:1, items three, and: fowr posed: some: difficulty’ 
in. their definition... The. relevance: of: these: five: statissics.ds 


discussed. in. depth in:Chapter. III. | 
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Dr. Mogielnicki has suggested that it would be constructive to 
add two additional sets of displayable statistics to the package (also 
adding two corresponding buttons to SIMULATE mode). The first would 
display the idle time (i.e. time not busy). of the various resources. 
This would be expressed as a percentage of total time. Included would 
be such information as doctor idle time and bed utilization. The 
second set of statistics would itemize the causes of blocked time. Thus 
instead of simply displaying average blocked time (as in the current 
implementation); average doctor blocked time, nurse blocked time, 
consultant blocked time and exit blocked time would be displayed. As we 
have stressed throughout our description of the TIGERS system, the 
program is intended to evolve with changing needs. This change 


suggested by Doctor Mogielnicki is one example. 


This empty page was substituted for a 
blank page tn the original document. 
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CHAPTER VI: 
PUTTING THE RESEARCH IN ITS PROPER PERSPECTIVE 
6.0 Introduction 
This concluding chapter attempts to summarize what TIGERS is, 
what it is not, and what it might become. “It begins with some warnings 
intended to preclude possible misinterpretation of the program and its 
displayed output. It then looks to the future, pdinting out possible 
paths of future research suggested by the current work. Finally it 


looks at the present, arid the potential ‘offered by TIGERS-like programs. 


6.1 Warnings . 


A program that: communicates with the user through intuitive 
channels in addition to more rigorous ways can be valuable, but 
associated with such a program are nner ent dangers of which the user 
should be wary. A aes like opeinieasd carcies pitfalls along with 
its blessings. The parpose of this section 7 “to point out exp ttcrs ty. 
some of the more important FOF which one should be on were: 

The following point was ‘made in Chapter Iv, but * Teemendsteed: 
nere because qnst tact tends to make ” easy to forget: . as oe this 
writing the vieens display in simulate mode has, meaning to do with the 
actual layout of the emergency room's facilities. ynee is, the display 
anes not necessarily bear any resemblance to the actual Eroet plan of 
the Dara Sa nor do any of the routines snien manipulate the various 
resources take the architecture directly into the simulation. The fact, 


for example, that the x-ray facility is located three minutes’ walking 
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distance from the main treatment room is reflected in the model only in 
that that time is a factor in CalqUrenAns: the time that a patient euends 
at x-ray. Such a motel could be built -- a del which would allow the 
user to manipulate the possible arrangements of a facility... But the 
author contends that the effects of the architecture related parameters 
on the performance of the system are secondary when compared with the . 
effects of parameters, considered in the present research. 

Another critical point which we have mentioned before but bears 
reemphasizing is the. importance of. basing decisions.on a valid model. 


It is easy to convince oneself that the figures onthe CRT automatically. . 


model the real world. We must continually remind ourselves that this is 


so only if we take the trouble to obtain valid data. This can ‘be ‘the 


ats ee 


most tedious ‘task of the modeling ‘process, ‘but ‘it mst RO t be ‘avoided if .. 


the model is to have ‘Value. 


"The TIGERS simulation lends intuition. and therefore oy oe 


tect 


understanding a information it communicates ‘is not ‘obscure. “on the 


ine cid? Yo ezeqiug aft bora 
other ‘nand it is easy ‘to ‘be ‘aisled oe its ipherent credibility: a 


ent fs chy O3 Riss - eaees Sera a ne 
situation might seen so obvious. or seeal on the screen that it becoaea” 
ae iy OGbAs 


too easy ‘to avoid questioning ‘the , validity “of the  eedal. “The simplicity 


‘¢ ogee go. ebro? toutdeng eeuagoe give 
and clarity of graphical ‘communication is a mixed blessing. it ‘becomes 
"bp bee om Lae ‘intumce ai yalauil e@ASgi? «ng ob! 
natural to simply assume that wet is being observed deatbad airs a real 


2 ogo yoragiasde =o. 


life ‘situation. ‘The. Phenomenon ‘is something of an ‘extension ‘te ‘the well 


yaad vl 


We at: Peet 3 rs 
known "the-computer- said- it- ‘therefore-it-is-true" shencmenon, “in which 


~ ans Ye ee eb ton ,yaibivaed es 


we tend ‘to ‘accept ‘facts as “gospel ‘simply because they are printed on 


computer prant-out. ‘Granted, “this ‘phenomenea “is ‘observed mostly ‘in its’ 


geste” FG MEP ETB Pane g BAR oar Sy Sa ee TS 


Nee 
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numerous exploitations by the advertising industry; but it is real, and 


one should be wary of it. 


6.2 Future Work 

The current research touches several fields tn which relatively 
little has been done. “The idea of modeling systems ‘Similar t6 the 
Emergency Room characterized by small size (i.@.’in’one building) and 
great complexity has not been as popular as modelfiig more expansive © 
systems. Also, the idea of interactive graphical simulation has been 
used hardly at all, especially in the world’ of public systems. In 
exposing the tip of several icebergs, TIGERS-faisés many questions about 


the parts still hidden. 


6.2.1 A Valid Model 

Before a tool like TIGERS can contribute towards making a 
hospital run more efficiently, it must be based pie a world line tree 
and parameter values which have been proven beyond reasonable doubt to 
constitute a valid model of the emergency as | Such research, although 
it would involve many hours of dita gathering and analysis, would allow 
the program to secoiee a scart ices tool instead ae an acadentc 
demonstration. | | | 

A large class of unanswered questions has to do wth the nature 
of models of the E.R. Little is known, for example, about the marginal 
utility of detail. The whole issue of the (negative and/or positive) 
marginal utilities of aggregation with respect to acdel validity needs 
to be investigated. The example model implemented by the author was 


motivated by the hypothesis that an E.R. model can be significantly more 
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accurate if it takes into account individually such services as x-ray, 
lab, and outside consultation, rather than Setting them all together 
under the category “non-doctor service." This is a reasonabte. 
hypothesis, but it has not been proven...The more.detailed.g@odel does 
not avoid the need for aggregation, even though. fewer. assupptions are _— 
needed for the more detailed than for the simpler.one.. It is 
conceivable. that the emergency room is.so.complex.that the additional . 
detail introduced buys little accuracy over a mode] incorporating only. 
two classes of. service. Research into. which factors increase the. 
validity of models of the emergency rooms, sebecintiy research. 
investigating the marginal utility of detail, would,.be: worthwhile. 

One aspect of the investigation mentioned above would be to 
construct the “ultimately detailed" model involving a world line tree 
with hundreds of nodes and branches. The development of such a detailed 

model would, of course, necessitate a large effort, but might offer the 
best solution to the problem of modeling the Guataancy “oon. 

It seems reasonable to believe that the “optimum” model would 
fall somewhere between the two stage Markel et al. model and the 
ultimately detailed model described above. tt would be interesting to 
construct several models at javioes intermediary levels of detail. 
Validity checks could be run and results could be compared. ‘Conceivably 
one might notice a “level of aggregation at which ‘additional detail made. 


no significant difference in results. 


6.2.2 Analysis Routines a. 

Another worthwhile addition to TIGERS would be a set of analysis 
and optimization routines. At present the user viewport serves ta 
indicate imbalance in the system, and the program allows the user to | 
_vary his trial parameters to attempt to overcome the imbalance. But the 
program does not of itself make any analysis or suggestions. It would 
be useful if TIGERS did have analysis capability. — 

For example, it might prove useful for the program to be able to. 
decide whether a user-implenented change has had a, statistically 
Significant effect on the system. Consider the following: | Suppose that. 
the waiting room queue is seen through the viewport as obviously too 
long, and the experimenter postulates that adding a nurse.to the system 
with alleviate: the: probiae. He nopiees. a-seail pheno ar the queue 
length, but does not know whether the change is large enough to be 
statistically significant. If an anlysis package existed as part. of — 
TIGERS, it might incorporate the necessary, tools for determining the 
answer to this significance question. he 

A more sophisticated analysis package might, even be able to make 
suggestions. Such a program would not only decide whether. a change. were 
Significant, but it might actually suggest the change. ‘Thus in the 4 
example above it might suggest that the experimenter try, adding a nurse 
to the system. Implementation of such, p. ppekepe, puis. involye. design... 
of a set of heuristics which make use of su¢gh statistics as accumulated _ 


patient nurse blocked time, accumulated doctor blocked time, etc. 
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6.2.3 The Analyst's Tool 


The main research effort of the work reported here was directed 
towards development of TIGERS as an administrative tool and 
Communications medium. One can communicate with a certicuiar model on a 
highly interactive level. One logical next cies is to cresté« tool 
which allows design of models at the same level of interaction. The 
present implementation of TIGERS is based upon a single world line tree 
which the author designed as a Gesscauble exauplo. A number of other 
world line trees were possible, but since the presént Posacnch des not : 
primarily concerned with the design of a model, only one tree was 
actually ‘implemented (i.e. used to generate a simulation). Although the 
analyst might wish to implement a number of trees in the TIGERS _ 
environment, such implementations are not necessarily easy. To some 
extent, the abilrty te set parameters to zaro-Yor various types of 
patient allows limited ability to experiment with different world line 
trees; but complete flexibility to change the tree does not exist. 
TIGERS provides a useful set of subroutines and a highly ‘functional man- 
machine interface, but there is no escaping the fact that changing a 
world lire tree into a working similation can sometimes be a lot of 
work. | “= 

The proposed “analyst's tool* would do this work. Essentially, 
it would accept as input a formulated world line tree. It would then 
generate the appropriate subroutines and actually write the simulation 
program to bring to life the given tree. Thus the black box in TIGERS, 
which now must be filled by the modeler(s), would be filled 


automatically by this proposed program. There is good reason to believe 
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that such a program is well within the realm of possibility, but we must 
realize that we are discussing a project which would probably represent | 
at least as much effort as has already been expended thus far on the 


current research. If it were implemented, it would extend to the 


experimenter the same flexibility to experiment with various trees as | 


TIGERS now allows one to experiment with a given, model. 


6.3 Why TIGERS? 

“In this report, we have introduced the idea of the graphical 
interactive simulation of a public system. Although the idea has as yet 
hardly been explored, it seems to show promise as a bridge over the gap 
between the administrator and the technical ahalyst. ~ TIGERS is an 
analytical tool which can interact directly with the administrator as 
well as the analyst, and which hopefiilly can therefore serve as a focus 
in co-ordinating the insights that both have to offer. | 

The simplicity of graphical communication is especially 
important in the world of public systems. No special training is needed 
to understand the latiguage of graphics, and thus it might serve to 
communicate where other media might prove less fruitfii. A hospital 
administrator, for example, who wust éxplain to officials in city 
government why he will need to expand his facilities to a certain size 
before the end of the next five years can lucidly wake his point with a 
model that has graphical output. furthermore -- and this point becomes 
very significant in the public sector -- graphics “is dramatic. It can 
provide persuasive evidence for demonstrating a need. Weak points and 
bottlenecks in the system become obvious as crowds of figures start to 


overflow the screen. 
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The intuition added by graphics becomes especially significant : 
in modeling a system such as the hospital emergency room in which 
balance is so critical. It was discussed in Chapter III that in the 
E.R., an optimum amount of any resource is optimum only when in proper 
balance with the other critical resources and with the demands made on” 
the system. A thousand beds is probably no more useful than ten if 
there are only two doctors available. Graphics is especially. useful in 
a system where a balance must be struck, among, mapy subsystems of a 
complex system; the user viewport allows a. view of the entire system. 

_ The human engineering aspects of a TIGERS-like program are 
important. The. nature of the medium introduces Rsycholagical aspects to 
the analytical process which are usually insignificant or fo. not exist. 

For example, interactive graphics can add an elenant of | 
flexiblity which is perhaps unobtainable through ather. media, 
flexibility which is desirable for a number of raasons.. First the user 
can do much more useful work per unit time. When, he observes that the, 


execution of the simulation is no longer interesting, he can “flush” it 


immediately,. and waste no more time with it. Net surprisingly, 
flexibility, also encourages experinentagiqn,,that he might, othernise not , 
consider worth the trouble. The user is. encouraged to,be. creative _ 
because it becomes easy to try new ideas. . Also. significant is the | 
immediacy of reinforcement, which also. encqurages craativity. Auser 
often will not, bother trying, aut more far-fetched ideas if he has. to.go 
to any trouble to. implement them or wait for results, and yet it. is well 
known that. occasionally a far-fetched idea. will turn, out to be the. -- 


beginning of an exciting new way of looking at something... 
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Another human engineering aspect of the TIGERS-like program is 
the very fact that such programs are more interesting to work with than 
the relatively dry non-graphical packages. Administrators are often 
loath to become deeply involved in rigorous analytical methods. The 
graphics medium makes the subject considerably more palatable. 

Dr. Mogielnicki has pointed out that hospital administrators 
are often mistrustful and/or uninterested in the more techadcal methods 
of analysis, even though such methods might sometimes be applicable to 
problems facing them. He suggests that a TIGERS-like program might 
stimulate interest in such methods, because such a program cannot answer 
all the questions that it raises, and thus stimulates an interest in 
tools that can. 

The hardware upon which the present system is implemented is 
currently too expensive for practical application in most situations, 
but graphics technology is developing rapidly and is fast entering the 
realm of practicability for smaller installations. Both from the points 
of view of the analyst and of the public agency decision maker, the 
medium represents a potentially constructive addition to the field of 


public systems analysis. 


This empty page was substituted for a 
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GLOSSARY 


Poisson Distribution 
A distribution for random events which assumes that the 
intervals between events are independent and exponen- 
tially distributed. Events occurring according to a 
Poisson distribution are completely random, unscheduled 
events. In models described in this report, patient 
arrivals are assumed to be Poisson. 


Primary Care 
That part of the health care system which represents 
the patient's first level of contact with medicine. 


Queueing Theory 

A branch of mathematics which deals with waiting line 
problems. In a typical queueing problem, a service fa- 
cility provides service to customers who arrive in some 
random manner and require some variable amount of time 
to be served. Queueing theory describes such features 
of the service process as the queue sizes, queue delays 
and server idle time. : , 


Service Time 
In queueing theory, the length of time required to serve 
a customer. In the emergency room, this corresponds to 
the time a patient spends in treatment after leaving the 
waiting room queue. 


Triage Nurse 
A nurse stationed in the emergency room who directs 
incoming patients to sources of treatment appropriate to 
the urgency of their needs. A triage nurse might, for 
example, order that x-rays or a blood sample be taken 
before the patient enters the main treatment room. 
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APPENDIX A: 
DESCRIPTION OF THE TIGERS PROGRAM 

A.0 Introduction 

In this appendix, the actual programming of TIGERS is discussed. 
The data bases are described, and the routines that manipulate them are 
explained in depth. Although the appendix is rather complete in its 
discussion of the various subprograms which comprise TIGERS, it does 
not, of course, replace the Listing of the program itself. But except 
for the reader who intends to modify the program, a copy of. the listing 
is not a snecess sty: : | 

Describing a program is difficult in whet mae is almost 
impossible to avoid alluding so" topies not yet covered, but forward 
referencing nes meen avoided to as lecge an extent = $ possible. The . 
structure oF ‘this appends is such that ns proerer , and generally more- 
important, topics are discussed first. The reader who is interested 
only in getting a general feel for the program seed read only the first 
part, although he may wish to skip afterwards to the description of the 
graphics handling routines. Section A. 7. 2 might also hold special 
interest in that it describes, among other. ‘things, che Algorithe. upon 
which the currently implemented node! is based. ue ceader who is also 
interested in details of the aroar an halarat want to read a whole 
appendix. 

This appendix serves two purposes: i) it allows the interested 
reader to examine to almost any depth he chooses pu me TIGERS program 


Works; and 2) it allows the anehytt who is interested in worming with 
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TIGERS to become familiar with the protocols of how data structures are 
set up and manipulated, and to discover wesources that the program 


offers hin. 


A.1 MUDDLE 

Every effort has been made to keep the discussion which Foargns 
independent of the MUDDLE peaguegs is which. the program is written. But 
occasionally it becomes necessary to use ‘a tase or ea of the eamleae: 
to clarify a point. We therefore outline here a few essentials which | 
will ‘clarify the references to MUDDLE ‘which are ‘aedes. - = 

MUDDLE is a so-called list processing languege based upon 
certain types of data structures. A group of objects enclosed in 
parentheses forms a list: wg gee Se 

(<object> <object> ... <object?) 

A list can be comprised of no objects (the ‘empty fee ‘or many objects, 
and the objects can be of various types such as muabers, variables, _ 
vectors, or other lists. | 

A vector is similar to a list, but it is enclosed by brackets 
instead of parentheses: | _ ns ae 

[<object> <object> : ace <object>) 

The differences between ‘the two types = Pepocearea.t beve ee do with the 
manner in which ‘they are stored in the | computer. The absects in fi a a 
vector can be changes easily, whareck ‘the uke eb jects an a “List 
can be changed easily. _ 

The structure which is used to indicate function “application is 


the form, which is delineated by angle brackets (O). The first clewant 


of the ‘form is taken to be the name of the function Seiag applied: while 


141 


the remaining elements of the form are taken as arguments. Thus the 
form . 7 | 
<FUNCTB 1 2 A> 
would apply the function FUNCTB to the arguments 1, 2 and A. The form 
<SIMULATE> | . 

would execute the function SIMULATE which takes no ) arguments. 

Variables in MUDDLE can take on 1 two values, the local value 
(LVAL) and the global wvatue Jeow’s The LVAL is assigned by the | 
function SET, while the GVAL is assigned by ‘the ‘function SETG. Thus 

<SET V1 4> 
would assign the. local value 4 -to the ‘veriable Vi, and 
- €SETG ‘Vi -DOG> 

would assign Vl the global value DOG. Nete' the values of a variable | 
might be anything -- other variables, numbers, vectors; "Lists, etc. -- 
they are not restricted te being number's. The local value of V1 can be 
referred to as ".V1"; and the global valwe,; as.",¥1". Thus after the. 
call to SET above, "Vl" evaluates to Vl, but "VI" evaluates to 4: 

Certain functions in MUDDLE exist .ta manipulate lists. This 
set of functions lends great oeuit s ‘che tiescde, ‘but we discuss here 
only avery small subset. The function NTH applied cs a list returns 
the n‘th element of the list, where the: List: is. ‘the fest. argument to 
NTH, and n is the second argument. NTH is generally cf called using a 
shorthand iathod: by "applying" a number to a list, ‘the. n ‘th element of 
the list is obtained. Thus if we said to MUDDLE 

<SET LISTA (79 CAT 2.8)>. 


Then 
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“1 LIST 
returns 79, and 

<2 -LISTAD 
réturns CAT. 7 : 


The reader should bear in aind ‘that ‘wais discussion of BUDDEE is 


fo Mea S BP a: noafee STAGUBES wobp seat eff ef? ; 
non- BEgOrOuS and serves | only to clarify certain parases usec in “Appendix 
A. The reader interested in HUDDLE should consult Gregory Pfister’ s A 
HUDDLE Primer?, in which the language is explained in depth. 


A.2 The Events Scheduler 
The heart :o€ TIGERS is the events schaduien.which is named, 

surprisingly enough, SCHDLR. -It«is imgesced in greater detail in 
Section A.@.3, but wa introduce it here. In arda .teimdersgand tha. . 
scheduler, one must first examine its associated data haces. Its: three 
key structures are the patient, -the:evest, andthe schedule. - - - 

~ The -petiert in the TIGERS éavicenment is represented by a vector 
of the following eight.‘components: © ofc ese CIY" ley gun MES 


1. Number .of doctor :visits «2.2.55 . 
2. Pointer to bed location 
3. Conflict blag. (Sécthon A.7228}5 ©. op cass: 
4. Time of arrival 
‘ .&.+-Time of entrance: to main.treatment rea. 
6. nenutes of doctor time 
8. Patient type 
: Be Me et SE Ag ’ pa ceeygge cay ee: es Pe a SEE © 
ihe event: is a vector of length three with beans following format: 


4 
sie sh sc . 
PlSgky f, 


[vine <routiney patient]. 


The <time> is the time at which the scheduler ts to exacts the poutine 
ie 224 ATA: i i; Tae2 


<routine>. <patient> is the sattent that - of primary concern to 


<routine> as it executes. This patient is generally referred to as ‘the 


ae i a a a a ee ee eel ae 
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Current ee. . . - 

The schedule is the peish of events to be executed: | there ds . 
only one cenedie: so it has been 1 given A name, SCED._ SCED is a. 
ordered list; ene elements (i. e. events) are arranged such that. the 
events whose associated routines are to sie ‘executed first are fir se:, on 
the list. 7 | . 

It was stated in Section 4.1 ene is an event paced 
simulation in which the scheduler executes routines associated with 
events which mantparnre. the ate bates and i areal ght more. vents: A, 
simulation run Mader TIGERS is basically a Brse which _Fepeatedly gale. . 
SCHDLR. (This oop is desribed in Section A. ‘. 1. ) SCHDLR does the 
following: 

1) Delete the next event from SCED. 
2) Wait €if necessary) tintil: the’ situlatéd: tike*is equal ‘to 


the time of the event. 


3) Execute: the: ‘abecelated: routine: rg . 
4) Return to the routine (not executed a by ‘ScuDLR) when 
called SCHBLR.- tnei dpe 


4 dé 


The “wait” in step 2 is not characteristic of the event pated 


tae 


Samu Tatton: But because one =o ae raisons d'etre of a TAGERS= 11h 


BLS SSG ifs epee redady sity d ° 
simulation is Fe “lend } intuition, it is desirable not only to aniataia 
oe Ge%atee ce gus Yada aprgeta ARdBIT edd ato oven com 
the proper order of execution oo eyeett: pte a. te faopavenaie a 
fy ks: : cP: va, caus Ss D3 J Megs, Bh AG Wake. 
simulated temporal flow. The ceils therefore naintains ‘its own 
Yu PPLa B Sel es : 


simulated time stream. “The ratio of the —, or Simiilated time | #8 
fog kt PHD (esl gar 4 aS 
real time as one of the parameters whose value . set by one. user. “(The 


ar 7 Bisa. Seunm aft fac 


speed of the computer “limits ‘this ratio to a maximun of approximately 
“4 oft (25an i ae eg 35 SEARO £13 


one hundred.) 
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To say that a routine generates another event, is 6 say that at 
some point in some routine it is decided that some other event is. going 
to happen at some future time. In order to realize execution of this | 
future event, the routine must inform the scheduler. Two steps are 
necessary: 1) Create the event; icec: create the vector containing the 
time, routine, and patient. 2) Place this event in the list SCED in its 
proper place in order. The utility function which any coukine calls to 
send an event to the scheduler is called ADSCD (Abd to SCheDuler). 

ADSCD accepts the three arguments of time, routine, and patient; 
generates the vector, and placed ‘vie vent. is ie separ place in the 


list. ADSCD and SCHDLR are discussed in detail in Section A.6.3. 


A.3 Other Key Data Bases 
In addition to SCED, there..are: eight other Jupor tens: deta bases: 


1) queue of patients in waiting room (WAITQ) 

2) queue of patients in beds..waisiag fer a:dector: (DRQ). . 

3) queue of patients in beds Martine for a nurse 
(NURSQ) . 

4) queue of patients waiting for x-ray facility ¢XRQ) 

5) BEDSTR 

6) CNTSTR 

7) PDFSCH 

8) PROBSCH 


The four queues all opereee ina first- come-first- served 
fb OS + 
manner. In the TIGERS progres they are structured as ‘lists of patients, 


3 3 


and they ; are ) manipulated by two weality | functons: “The poutine ADTOQ 


accepts two argunents, a pationt and a queue, and appends ‘the patient to 
the end of the ‘given queue. ‘The routine LEAVEQ accepts one } argument, a 
STA ORAS , 


queue, and returns the next patient in line. nese routines are 


discussed in eraater ‘detail in “Section A. 6. 4. 
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Note that the queue of patients waiting for lab test results is 
not on the above list of data bases. “This is because in the current 
implementation of TIGERS, the lab queue is not first-come-first-served. 
Rather, the lab is viewed simply as a black box to which requests are 
made for service. (The ee that it Matha to nonor such a request, 
however, is a function of the number of Requests outstanding. ) | 

BEDSTR and CNTSTR are vectors in which are Stared Several key 
parameters of the program. They contain all of she information which is. 
dynamically displayed on the TIGERS display during simulation. These 
two ucctees are of such a form that the information that they contain . 
is accessible by both the simulation routines and the graphics coutinees 
The form of CNTSTR is: wee 
where a is always 0 or 1, and b contains a —o value. ais 
Strictly for use of the graphics routines: when a is ts it Andicares 
that the associated b has been ‘changed since the screen was last 
updated, and that the value should be updated on ‘the display. CNTSTR in 
the present implementation of TIGERS, contains six parameter value pairs 
oar : 


1) length of x-ray queue 

2) length of waiting room queue 

3). number of nurses available 

4) number of E.R. doctors available 

5) number of doctors on call 

6) number of patients waiting for lab reports 


BEDSTR, which contains information about the main treatment room, is a 
vector of the form 


where a is as in CNTSTR, and b, c, d, and e define the state of one bed. 
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‘Recall from Section 4.2.2 that each bed has associated with it four 
fields. b is associated with field four. in the present implementation 
of TIGERS, field 1 can be in one of three states: field 2, in one of 
four; field 3: in one of seven; and field 4, dn one “ot ‘four. ‘Thus b can 
be either l, 2, or 3; c daa e@, an integer between ‘1 and 4, inclusive; 
and d, an integer between. 1 and 7, inclusive ‘(see Figures < 4. 4- 5, 4- | 
6). Note that TIGERS knows the state of a patient by examining the 
states of the fields of his ‘associated bed. | 

The structures PDFSCH and PROBSCH are associated with the world 
Line trees of the various tyes of patients in ‘the TIGERS system. 
Section 4.3.1 describes world line trees "gad esoining how ‘each node ic 
associated with a probability distribution function and each branch with os 
a probability. The progran manages this information by associating with 
each world line tise two vectors, one containing the probabilities —_ 
associated with all the branches, the ‘etnar containing “the m means of the 
ee, distribution functions. ‘Thus eich ‘Rede aad each: ‘branch of 
each ‘world line tree is associated with a  positioa is. a vector. 

Recall that one worid line tree is dgsbelaced with ouch of the A . 
types of patient in the TIGERS model. PDFSCH is a vector of n vectors, | 
the n vectors containing the- branch probabilities. of there nypes of 
patient. PROBSCH is also a vector of n vectors, shecedonents, of each of 
which are the means of the pdfs... Thus pRORScH and POF cul ‘ stoge, all: the 
numerical information associated with any world.line trees.in the model..::. 
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A.4 Classes of Functions in TIGERS 

The purpose of' this section is to introduce the various types of 
subroutines that comprise the TIGERS program.“ The sections following 
will examine these subroutines one by one. 

Before discussing the various functiofs aad types of functions 
in the program, however, a word on notation is in ofder:* for ease of 
discussion, we may speak of “executing an event," which is a simpler way 
of saying “executing the function associated with ‘aii évent.* Also the 
reader should regard the words “fuliction,* “routine,* and “subroutine” 
as synonyms. Routines in TIGERS take various number's of arguments, and 
some return’values. But function ‘Characteristics’ wit be" ‘made evident 
by explicit explanation or from context. -- not by any naming convention 
which differentiatés asong the three terms. «~~ 

Within the TIGERS program can’be found the following nine 
classes of functions: 

1. Event functions are routines which a¥e a part of the 
Simulation per se. These are the routines that manipulate 
the data bases which represent aspects of thé @hergency’ 
room. It is event routines which send events to the 
scheduler, and it is also event routines with are executed 
by the scheduler. 
2. Random variable functions (r.v. functions) are functions 
which use random neinber generators td generaté’ random values 
of random variables. They are used by event. functions to 
- detide’ which’ bratich of a world Line treé’ is’ tb’ be followed 
by a given patient at a given time. It is r.v. functions 
which introducé randomness into the simulation. 
3. Simulation functions are functions such as SCHDLR which, 


although not event funcions, are an a part of the 
simulation. ee ee 

4. Utiltty functions are weer axes’ Us the programmer who 
is constructing event functions. They provide something of 
a meta-language within MUDDLE whith faéilitates the writing 
of event routines. 
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5. Time functions. maintain the simylated time.flow.. . 


7. Button handling functions » die eidiad”oaieh are called 
whenever their associated buttons are bit by theuser. . 


Interrupt.nandling functions are. raytines,which are 
cited whenever a ciock interrupt. is woo y the 
computer's interrupt syster, .. one. fee date the 
clock and 2) decide’ ots Beka Raadling ‘rattlne ote call 

_- When. buttons.are.hit.. 2... 


MUDDLE. functions are standard avithwesig.. a structure 
moc tmiceicen functions which are "built in" to MUDDLE. They 
are.used to.construct other. fuggtions-ef:-al] types. - 
Although they are absolutely essential to programming within 


TIGERS, . they are not, discussed. furthering, thig report, and 
are included in this list only for aces asauraies aa 


aed . 7 2 tos 


ice (anh ben neice fative sini dntgston Ot AERA 
classes, but generally the classes..arp.distinct.-- in: the following 
sections we examine TIGERS subroutine by subroutine. All.of. the major | 
functions are discussed, but for..some.of. the. most. minor. the. program 


chiens belew the. functions. will 


listing should be consulted. 7 Ip. the. s 


be organized by class and will bp, discussed, ia the, ¢ priter of, the. above 


FL tHE 


list. Where useful, flowcharts are provided and/or. aa ‘cis of how 
each routine. is invoked is given. : Also, pers saperaariate,. an. example 
of the effects. of calling, the. routine, is, also. given,,.. These, Sections are 


written as an aid to anyone planning to write.proprems in the TIGERS 
environment. | 


efig hares! 


WA de 


A.5 Manipulation of CNTSTR and a SEDSTh —< 


simulation within TIGERS references them frequently; “it is therefore 
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highly desirable that manipulation of these critical data bases be as 
simple for the analyst as possible. The routines UPD, VAL, ADD! and 
SUB1 exist for this purpose. i “ - . 

UPD is a function for manipulating BEDSTR. It takes three 
arguments, the third of which is optional. The first two are integers, 
while the ‘optional third isa | patient (vector of Length eight). If the 
third argument is not super ie’ the Corten pationt is assumed. The 
effect of a call to uF is to set the tied Andicated by. argl in the bed 
eesoelated with is to the value of seg2. Also. UPD sets. the bit, which 
informs the graphics routines that they should indicate the change on 
the display. Thus if BEDSTR currently looks: like this | bees 

021530211302152022630215 4], 
and UPD is called: 

<UPD 3 4 .CPAT> ee a 

where .CPAT is the patient in bed 3, then BEDSTR is changed to: 

fO2153021131214 2022 _ 3 0 2 15 4}. 
Thus ue status of the patient an bed three is changed from being 
treated by a nurse to waiting for a doctor. Furthermore, the next time 
the graphics routines look at BEDSTR, they will notice the 1 
(underscored above) and then reset the 1 to 0 and ‘wake the correct 
change in the displayed status of bed 3. 

VAL, ADD1, and SUB1 are functions for wafgutating CNTSTR. 
Recall that CNTSTR contains the values 6f certain parameters, and that 
CNTSTR also contains information for ‘the graphtes updating: routines. 
The routines VAL, ADD1, and SUB] make it easy to refer te thé elements 


of CNTSTR by separate names without being concerned about the graphics 
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information. Instead of XQL referring to the actual value of the 
length of the x-ray queue, it actually ‘points to the position : in CNTSTR. 
where this value resides. The call ; | 

| <VAL - -KQL 
returns the length of the x-ray queue. “Similarly ovat -WQL> returns the 
length of the waiting room queue, ane so on for wAURS, NOR, NONCL. and 
LABQL. (See the description of CNTSTR in Section A. 3. ) ADDI is used 


‘for incrementing any of these values, and sul, for decrementing. Thus 


Pipers 5 
4, Q fo 48 


if CNTSTR looks like this: 
[000-201020101), 
and the analyst wishes to increment the number of Muvecs available. he 
uses ADD1: | ps ee 8 
<ADD1 .NNURS>. 
CNTSTR then looks like this: | - 
[000-21202010 aye 
As with the change to BEDSTR, “the graphics routines will make the . 
appropriate change ‘in the display, and ‘reset. “the 1 (underscored above) 


ebPEs 


to 0. 


A.6 Simulation Routines 
A.6.1 SIMULATE 


SIMULATE is the.main simulation leop mentioned in aSection A.2. 
It is fully explained by the flewehart.. in :Figure Ack. (i STOPBIT is a bit, 
which, if. set, causes the program to-exit fromthe leap. -ECOUNT isa: 


count. .of the number of events executed. = «5 


15I 


INFAALIZE | 
SIMULATED 
TIME TO..0: 


NITIALIZE] 
SCHEDULER 


SEND INITIAL |. 
INSTANCES. OF 
NEWP TO — 

[SCHEDULER } 


ACTIVATE 
CLOCK. — 
UPDATER CALL 
SCHOLR 


SIMULATE 


Figure A-| .Flowcharts of RSTART, START,.and SIMULATE 


’ 
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A.6.2 Starting the Simulation -- 


RINITIALIZE, REINIT, _RSTART, and-s START 
Before the SIMULATE loop is entered at: the beginning of a 
Simulation (as opposed to re-entered after having stopped an already 
executing simulation) the simulation must: be initialized. First the 


user hits the INITIALIZE button on the display, This cause execution of 


‘the routine RINITIALIZE, which does nothing ‘but ell: REINIT and NPASS. 


REINIT does the following: 
“he inigialize BESTE. -- all nes (freer se 


2. initialize CNTSTR -- waiting, room anty, oll resources 
available, 


3. initialize all cumulative ete 


4. initialize all first come, first served. quaues (see 
Section A.3) -- make phos all empty Ajste. a 


5. initialize display of all cumulative, statistics. 


NPASS, the routine which updates the display te reflect changes in -') ~ 
CNTSTR and BEDSTR, is discussed in Section A.9. After the user has hit 
the INITIALIZE button, he starts the simulation by ‘hitting START. This 
causes execution of the routine RSTART, Which does the following: | - 

1. Call START. 

2. Call NPASS. 

3. Initialize count of events executed (ECOUNT) to 1. 

4. Initialize the interrupt handler which updates the clock 

in the display. This clock updating routine is called 

UPCLOCK, and is described in Section A.11. 


Enter the. simulate loop by calling) SHWULATE . 
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The routine START, which is the first routine called by RSTART, 
does the following five steps: 
1. Initialize the Simulated time to 9. 
2. Turn off STOPBIT (in case it has Been left on). 


3. Initialize the events scheduler by ah a eh the ‘tnitial 
value of the schedule. The statement 


<SET SCED 


((<+ ci | 
<EXPDIS </ 60.0 <2 .LAMBDAS>>>> 
‘<NEWP 2> 
{0 00000 0 2]j)> 


declares that SCED is a list of length one. Its one element 
is the event vector whose elements are the time-that the 
event is te be executed (calculated by calling EXPDIS); the 
routine NEWP, which generates a patient arrival.(Section 
A.7.1); and: the dummy patient vector [0 0 ‘90000 2}. 

(NEWP is one ef the few routines which has no “associated 
patient".) 

4. Generate and send to the scheduler instances of the 
event NEWP, so that patients of all pessivre types will be 
generated. 

5. Call the scheduler. This executes the event NEWP just 


sent to the scheduler. NEWP of course generates other 
events, and.so the simulation is on its way. ; 


Flowcharts summarizing the entire initialization procedure 


(RINITIALIZE, RSTART and routines that they call) are given in Figure A- 


2. 


A.6.3  SCHDLR and ADSCD 
The events scheduler was introduced in Section A.2. The purpose 
of this section is to describe the routines SCHDLR and ADSCD in greater 


detail. 
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S 


SET BEDSTR 
ALE? BEDS FREE}: 


_ IN}TIALIZE - 
CNTSTR 


SET ALL: 

© | CUMULATIVE 

P STATISTIcs 
TO ZERO 


INITIALIZE 
| €4FO QUEUES:| 


soe atte | 
J. QISPLAY.. | 
OF STATISTICS 


Figure A-2 Flowchart of RINITIALIZE and REINIT 
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A flowchart for SCHDLR is given in Figure A-3. “Recall that if 
-L is a list, then <1 .L> is the first Clement of the list, <Z .L> is 
the second element, etc. 7 

SCHDLR takes no arguments. When it is catled, 1€ removes the 
next event from the list SCED; ivy if necessary; and executes the 


routine associated with the event. Consider for sxample, a state of a 


simulation in TIGERS where SCED is as foltews> 


((37.685173 <SNDNS PRFD> [0 6 0 37. 685173 37.1 85173 00. 3) 
[92.209408 <NEWP 3> [0 6 0 37.685173 37.685173. 06. 33] 
[96.171992 i 

<FRDR> . en eae 

[1 1 0 18.469403 18.469403 66.055544 0 3]] 
(97.171992 . 

<SNDXR> ere 

(1 1 0 18.469403 18.469403 66.055544 0 3]} =~ = 
[107.17436 ee eaten 

<NEWP 2> 

(1 6 0 24.505186 24.505186 .69831634 0 2]}... - 
[483.71264 <NEWP 4> [0 0 0 0 0 0 0 2))) 


If at this point the program calls SCHDLR 
<SCHDLR> 
the program waits until the simulated ar pe _ateater than 37.7 minutes 
(if waiting is necessary), and then the. ‘event oe oe 
(37.685173 <SNDNS PRFD> (0 6 0 37.685173 aryensi7s 00 3)] 


is removed from SCED, and the routine NEWP is sxecuted, When SCHDLR 


returns to the galling function, SCED is ptanged to.someshing like this: 
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“START SCHDLR 


DEFINE CURRENT 
EVENT. AGEVENT). 


<| SCED> 


DEFINE CURRENT | 
WORLD-LINE TREE; 

AS THAT. ASSOC 
WITH CUR.’ PAT. | 


aw, Figure A-3_ 
Flowchart ‘of “SCHDLR 


REMOVE 
<1 SCED> 
FROM .SCED j . 


<! CEVENT> 


RT> er “3 je OE EEE thse. 
<CUR. SIMUL ATER; oP e383 Boe ,IYNBEEROAT Bu 


apis FeBac i. Mew 


UEXECUTE | 


"WAIT UNTIL. |” 
_ TAME: EO UROATE 


CLOCK DISPLAY <2 CEVENT>. 


UPDATE 
CLOCK 
DISP LAY 
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([41.656325 <FRNRS> [0 6 0 37.685173 37.685173 0 0 3)] * 
(41.656325 <PRFD> [0 6 0 37.685173 37.685177'0'0 F]] *° 
(92.209408 <NEWP 3> [0 6 0 37.685173 37.685173 0 0 33] 
(96.171992 ga aay ORES, “eae 
_ <FRDR> 

[1 1 0 18.469403 18.469403 66.055544 0 3}] > 
(97.171992 ‘ a 
<SNDXR> a 
{1 1 0 18.469403 18.469403 66.055544 0 3j} - 
(107.17436 

<NEWP 2> 

[1 6 0 24.505186 24.505186 .69831634 0 2]] _ 
[483.71264 <NEWP 4> [0 0 0 6 0 00 2]f}) | 


Notice that in addition to the fact that ‘the first event from before the 
call to SCHDLR is no longer chece: certain other events Aindtcated by *) ; 
have been added to the list. These new events were created during the 
execution of NEWP; ADSCD was called’ ‘to create, ied nee events and send 
them to the scheduler. 

ADSCD does two things: create an event vector, | ee maser’ this 
vector in SCED. The function takes cree argunents, a time, a routine, 
‘and a patient. The third argument is optional, and if it is not 
_ supplied, the current patient. 1s assumed. ane call 
<ADSCD 41. 656325 '<FRNRS> C0 6 0 37.685173 37. 685173 0 0 3p | 
would cause the the first event marae by * above to me generated and 


added to SCED as shown. 


A.6.4 ADTOQ and LEAVEQ 

Recall that first-come-first-served queues are sinply ordered 
lists in TIGERS. ADTOQ and LEAVEQ, introduced in Section’A.3, are the 
routines used for matitputating théesé queaes. The routinés’ are simple, 
but it will be constructive to give examples of their use and of effects 


of their use. Consider a point in a sfmulation in which all beds aré 
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occupied and there is a queue of length four in the waiting room. The 


TIGERS waiting room queue, WAITQ, might look like this: 


(LO 0 0 47.946094 0.0 0 2] 

{0 0 0 49.379954 0 0 0 3] 

[0 0 0 53.499452 00 0 4] 

[0 0 0 59.3601990003]) 4, 


Say it is time 63.740902 and the event NEWP, which generates new 
patients, is executed. NEWP notices that. there are no freebeds, and 
adds the new patient to the queue by cating ADTOQ 
. <ADTOQ WAITQ [0 0 0 63. 740902 000 ap. 

After the call, WAITQ is | Larger: | 

00 
0 4Q.379954 0.0. 
53.499452 0 0 
59.360199 0 0 
63. 00 


0 
0 
740902 0 
f 


Say a few minutes later | a bed becomes. ree; then the routine CALLIN is 
called to “call in" a patient from ‘the waiting ‘room. | CALLIN uses the 
function LEAVEQ to get ‘the “next in line™ ‘from ‘the. queue : 

<SET NP <LEAVEG WAITO>> a 
At this S point, -NP is equal to to o 0 47. 946094 00 0 21, aad CALLIN has 


AOS eee 


its new patient. Furthermore WAITQ. has been usantea to. 


([0 0 0 49.379954 0 0 0 3). 
[0 0 0 53.499452 0 0 0 4] 
[0 0 0 59.360199 0 0 0 3] 
{0 0 0 63.740902 0 0 0 3] 


A.7 -Event Fuactions 


., Io this sec$ion wa discuss the eyent.fupetions currently  . 
available in the TIGERS environment. It is important to keep in mind 
while. reading it that..most of these functions are designed around the 


model described in Chapter V. That is, the event functions, at least 
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the less general ones, are necessarily related to the world line tree 
being implemented. It is difficult to say which of the existing 
functions would be obsolete -- or which would need to be rewritten, or 
which new functions would need to be added -- if some other model were 
being implemented. It suffices to remember that the program is intended 
to evolve to meet changing needs. 

There are some definitions and phrases that should be kept in 
mind in studying these events. First recall that all event functions 
are executed only by the scheduler, and that ‘associated with each event 
function executed by the scheduler is a patient. ° The event functions 
are written assuming’ the existence of this patient; in the context of 
discussing an event we shall refer to this patient as the current 
patient and to the associated bed as the current bed. 

Often we shall speak of “sending an event to the scheduler." 
Recall that this process involves two steps: . 

1. Decide when the event is to be executed. This decision 

is made using r.v. functions to generate a random value for 

the time increment involved. 

2. Use ADSCD to create the event and place it in its 

correct position in the ordered list SCED. 
Also we shall sometimes speak of sending an event to the scheduler “tr 
be executed immediately." This simply means that the scheduled time of 
execution of the event will be the current time; thus the event will be 
executed immediately after the current event. Sending an event to the 
scheduler to be executed immediately thus. avoids having an event 


function called by other than the scheduler. 
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Finally recall that four fields ‘cra associated with each bed. 


The utility function UPD, which updates the values of these fields, will 


occasionally be used in this discussion, especially in the flowcharts. 


A.7.1__NEWP 
NEWP (NEW Patient) is the event function which generates 
arrivals to the system. Unlike most event functions it takes. an 
argument, the patient type of the patient to be generated. . Execution: of : 
NEWP effects the simulated world in. two ways. . First a new patient of | 
the specified type appears in the simulated smergeacy. room, requesting 
treatment. - The patient As. either. assigned to, a. bed, and. a. purse, or,.. if.. 
one or both of these are not available, the. patient.enters.the waiting 
room queue. The second major job of NEWP. is. ko, perpetuate itself so 
that more patients will arrive in the future. _This. it. accomplishes by 
ganérating a new NEWP and sending the event to. the. scheduler. 
The algorithm of the routine can be described hy the. following 
steps: 2 “ 
1. Generate a random value of an exponential . .Fandon: 
variable. Use this value to determine, the arrival time of 
the next patient of the current patient type. 
2. Call ADSCD to create the next.instance of .MEWP for the. 


current patient type. 


3. Create a new ‘patient. (recall. ‘that a ‘patient. ds ‘described 
by a vector of length eight). boa ARs 7 


4. Increment the number of patients in, the, system. 

5. If there is a waiting room queue, add the nex patient to. 
queue. Then return to the scheduler. If there is no queue, 
proceed to steps 6 and 7. . Shiite Se : 


6. Find an empty bed, and assign the patient to that bed. 
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7. Generate (send to the scheduler) the event. to assign a 
nursé to that patient. 

Since each NEWP perpetuates the arrivals of only one type of 
patient, it is necessary for the initialization routines to initialize 
SCED such that one instance of the arrival of each type of patient is 
scheduled. Thus for a model with three patient types, the initial 
schedule might look like this: 

((3.5183036 <NEWP 3> [0000000 2)) 
(53.986576 <NEWP 2> [0 000000 2)J 
[347.16065 <NEWP 4> [6 000000 2JJ) 

After SCHDLR executes the first event on the schedule at time 3.5183036, 
the schedule might appear as fallows: 


({3.5183036 <SNDNS PRFD> [ 


0 1 0 3.5183036 3.5183036 0 0 3}] 
[7.1731240 <NEWP 3> [0 1 0 3.5183036 3. 5183036 00 33] 
[53.986576 <WEWP z> [0 00000 6 27] 
(347.16065 <NEWP 4> [0 0 0 0000 2)j) 


Note how the event NEWP executed at that time perpetuates itself 
by creating a new similar event to be executed at time 7.1731240. The 
event <SNDNS PRFD> was generated to call in a nurse to treat the new 
patient. (We might remark as an aside that Type 4 is apparently a very 
rare type, since the first Type 4 arrival is not scheduled until almost 


six hours into the simulation.) 


_A.7.2  PRFD and ASSIGN 

PRFD (Patient Ready For Doctor) is the event that is executed 
whenever a patient is ready to be seen by a doctor. This might occur 
just after a patient has been admitted to the emergency room, or upon a 
patient's return from x-ray, or upon any number ‘of other occasions. The 


exact time is, of course, a function of the model that is implemented — 
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(hereafter referred to as the current model). PRED, more than .any other 
event, is dependent upon the current model, for an is PRFD, or at least 
its subfunction ASSIGN, which is alvays, ‘rewritten ‘with each 
implementation of a world line tree. Oversimplifying only a bit, one 
might say that PRFD in a TIGERS simulation has the following tasks: 

l. If a doctor is available, assign this déctor to ‘the 

patient; if not, place the patient in queue of patients | 


waiting for doctor. 


2. Decide duration of visit with dectar.. aad determine next 
event in world line of patient. 


3. Generate the event to deassign the -assigned doctor at 
the appropriate time. 

PRFD generates all events which represent. aAtems. for which a 
doctor is usually responsible. Laboratary analyses XcFAYS. and | 
consulting physicians ‘from the floor are ordered by ‘the event PRFD. The 
flowchart for PRFD appears in Figure A-4; although it is largely self- 
explanatory; some discussion is necéssary. Step 2 above is performed by 
the subroutine ASSIGN wich will be discussed bélow, but first we 
examine the implementation of steps 1 and 3, referring to Figure A-4. 

First the conflict flag is set ‘to 0. “this is the heretofore 
snexpieined flag, mentioned in Section A.2, which is the third éisment 


of the patient vector. This flag is used by the 


ram to avoid 
generating redundant instances of PRFD.for any given patient. If it 
were not for. this flag, any patient. for. whom bath, x-ray. and .lab tests 
were ordered might find himself, seeing the dactor. twice at. the same. 
time, since the events associated. with both return from x-ray. and return 


from lab generate the event PRFD.. 


START 
PRFD } 


‘Figure A-4 SET —= |} 
Flowchart of PRFD CONFLICT 
- FLAG {> 


CALL | 
ASSIGN 
NOTE 
DRTIME 
SEND TEV 
TO SCHDLR 
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After setting the éeerieee “fiag,, the program checks to see if 
there is a lab report outstanding for the current patient. If there 
is, the patient is placed in a lab blocked state until the report comes 
in. It is assumed that. there isno point. in visiting @ decter a second 
time until lab results ordered during the first doctor visit are in. 

The event PRFD will again be schediled for the patient for the time just 
after the lab report is scheduled to-arrive. 

If there is no outstanding Laboratory report, the program 


attempts to assign a doctor to the patient. It first checks for. 


available emergency room personiél.. “Fen nog are avattabie, it Gecides ; 
whether the patient should be placed-in a doctor blocked state or 
whether an attempt should be made, to colt in a dector on call. 7 In the 
peerent implementation, a dector pn vald is, sought only if there is a | 
seitiog room queue. Of course af no ) doctors on call are avaiable, the 
patient is still placed in the doctor biocked state. | 

The temporary variable TEVA a-device which is used- to: deassign 
the correct doctor when step. 3 ts -ansevted. - If an emergency room doctor 
was adshamed TEV becomes the event “FRDR (frqn E.R. doctor); if a, doctor 
on call ‘was’ assigned, TEV becomes FRNCL. (teed doctor on call}: Thus: 
when the. event TEV is executed at the end of | ‘PRED, the correct i 
deassigning routine is executed, 


The subroutine ASSIGN, stron is internal to PRFD, is the heart 


of the implementation of the. world :ltnar, tree; ‘in TIGERS. It is Assia 


i 
a 


which ‘decides what a patient: Ss next evens is: ito be and when it is to 


occur. ASSIGN generates this event. and sends it to the: scheduler. It. 


therefore changes with each world line tree implemented: Chapter vo 


Aegean 72. 


168 


discusses the world line tree which has been implemented as a part of 
this research. Figure A-5 gives a flowchart for ASSIGN which is based 
upon that tree. 

| Before further discussing ASSIGN, we digress at his: point to 
introduce random variable functions, the use of which is necasceniiy. 
understood before ASSIGN can be’ explained. Random variable functions 
(r.v. functions) constitute the mechanism, enployed_by TIGERS to 
introduce’ randomness into the simulation. “Ag of this writing there are 
two types of random -variable functions. me boolean type is called with 
no arguments, and rettirns. simply yes or no jeccuatt> T. or FALSE. As 
mentioned in Chapter V, the model is structured such that associated 
with certain key questiens are probabilities of the likelihood of 
certain events occuring which ike set by: the: experimenter. Each boolean 


r.v. function is associated with one of these probabilities. The 


function, when called, generates its yes or no value by considering the... 


probability and calling a random number generator. That is, it is as if 
the function were to precisely weight (bias).a coin, and then flip the 
coin to generate a value.’ The test model is :so structured that. each of. 
the key questions listed in Chapter V has associated with it a 
probability and a boolean r.v. function. In Figure A-5 each of the 
decision boxes 6, 17, 18, 20, and 24 represents a call to a boolean r.v. 
function, and thus also raptesents a point at which the experimenter 
assigns a probability. 

The second type of r.v. function is the time (t.r.v.) function. 
T.r.v. functions are used to determine values for random time intervals 


when they are called for. They are called with no arguments and, like 


= 
~< 


Figure A-5 2 
Flowchart of ASSIGN INCREMENT N 
# OF DR. iI 


VISITS 


23 


N 
ADD | TO 
# SET DRTIME = 
23 12 |Las reps} 19. [CONFLICT 
FLAG TO | <DRIMEX> 


<S 
N 


9 7 4 13 
<DRT2> | — | <DRCNT> <DRT3>| 14 ORDERED 2 DRTIME = 
3 ADSCD | [SORNXLT> <DRNXNLT> 22 


ADSCD ADSCD 
ADSCD 
OUT DLCW OUT 
end =r: 


99] 
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boolean r.v. PUNCCTONS use a random nuamer alpine A and a parameter 
set by the experimenter to generate a value. “This | user- ‘set parameter is 
usually the mean of the probability distribution function assoc tated 
with the value being generated. Thus, af the associated per one ter of 
the t.r.v. function DRXT were, say, 30.0; a 1 Likely result of the 
statement 
<SET TIMEVALUE peg ates . . 

would be to cause the variable TIMEVALUE. to be set haga say, 37. -61438. A 
repetition of the statement would ‘ ‘set TIMEVALUE to some entree . 
different value. For more information on random variable functions, see 
Section A.8. Oe 

We now return to our discussion of ASSIGN ene | Figure A-5. 
Recall from Chapter V that the model assumes one: two, or three visits 
with the E.R. doctor, depending on the complexity of oe treatment 
necessary. This is reflected in =e three sei subsections of the 
BE QuCnanE: each of which is ascoctated with one of sce peancnes 
euahating from the decision box which examines the number of. doctor 
visits (box 3). Generally Speaking, ASSIGN does the following: 

1. Increment the number of doctor waeete: 


2. Decide which event(s) should ne scheduled next for the 
patient. 


3. Call the appropriate r.v. function to decide how long 
the current doctor visit will last, and eherstore wen the 
next event is to be scheduled. — : 


4. Pass this information (time, event, patient) to ADSCD, 
which creates the event and puts it in its proper place on 
the schedule. 
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Let us examine in more detail the three ae ‘branched of Figure 


Mee 


Wee wo Sse eg 2 1S 5 
A-5. Clearly branch one (first doctor visit) * ene mst complicated. 


The first decision (box 17) is whether the aatioat is “relatively easy ‘to 


treat, “in which case an iumediate- exit is wéhedcled: if this ‘is ‘the 


PEoe ad ? 


case, the appropriate te r.v. function ‘Is ‘called ibe 23), and. ‘then 


another decision point is reached net ieee ee question here is —_ 


aR A HS : 
whether or not the pion needs to see a nurse  petece leaving. once 
soto gs osGA INET g:6na3sy aF e2uec os 
the appropriate ‘event nk scheduled, the blasachsanes returns to she y calling 
* neo s PACH VSMGT tug Sivow Poomegara eat fs fad 


function, PRFD. 


a ares’ ee 


‘If, ‘an | immediate exit ts nee scheduled: “pore. @aextions remain. - 


First, is a tab report necessary AbOR aelt If so, make the appropriate 


ey ae aniesyreith tyt of AWS at & 
arrangements (boxes li and 12). Then sat the conflict flag, and 
a wise iahom edd gany ¥ asiget mo 7 
continue. Is an xray Mee a taken tbex ay If ae: call the 
_ aah wens 


appropriate ‘function ite generate dector: tine ‘(box 21) and ‘send ‘SNDXR to 


ro FtR es tap bgdoael at ag ern LOT F abueeed 


the scheduler. Then return. If 1 no “xray is necessary, ‘set the 


-olpragorpen er fisbite te dors .¢ eat 
mppropraete doctor ‘time (boxes 13, i“ and 15), and send the event <6 
caeo gyda vod aeleiscab an xT 


the scheduler (box. 46). “Then return. Different t.r.v. functions are . 


aon Seopa we SiR 


called, depending upon whether a ‘Tab test was Saied oi or nots 


“co tauy to wodeuia #42 dene 
Branch two is considerably sine lor than branch one. “on the: 
vaflz ¢¢33neve cgifie eoto- 


second doctor visit, ‘the only Maior | Mectain is whether a cotasiiens 
physician 1§,. to be called: 08; Hh Anas $1. if, she, none) tant jis: ralted, 
the event of his arrival is ‘scheduled ‘(nwandiasddie whenias 4 the 
patient is scheduled tA lenue (hanes Dap Md eecatar cide seas 
Finally, branch three is the Vain.” This 4s ao: daonls- 
reached when a doctor sees the patient after the consultant leaves. 


This calling in a doctor for a third time signifies that this patient 
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has needed much of the emergency room resources. Branch three simply 


schedules the patient's leaving after seeing the doctor the third time. 


A.7.3 _SNDXR, XRAYFR, and LABRET 
SNDXR is the function which transfers the current patient from 
the main treatment room to the x-ray facility. ‘this ‘involves the 
following steps: 7 
1. Increment the number of patients at x-ray. 
2. Update field 1 of the current patient to 3 (at x-ray). 


3. If the facility is already in. peer en ng ADTQQ) the | 
current patient to the end of. the. .gueue .Q ‘patents waiting dees 


for x-ray, and return to the scheduler. 


4. Otherwise, start the patient’ 's. aoray. “service. Jbis. 
involves calling the routine XRAYT to genereta 9 .F4 andom. . 
value for the time spent at x-ray, and usiag D'to send 
to the scheduler the routine (XRAYFR) to retern the pationt: 
to the main treatment roon.. Bhs SOpubp Rn +e 


5. Set the conflict flag to 1. 
6. Send to the scheduler the event PRFD to be executed jase: 
after XRAYER. eich bak SB 


XRAYFR is the event alluded to above which releasés the current | 


patient from the x-ray area. Its algorithm is as foilows: 


1. Decrement the number of patients at x-ray. 


2. Update field 1 of the current patient’ to 2: ‘tin main 
treatment room). 


3. If there is no x-ray queue, simply return to the 
scheduler. 


4. Otherwise, remove the next in line, from. the queue, and 
make this patient the current ‘patient. | ‘fhen for this new 
patient repeat steps 4, 5, and 6 of SNDXR above. 
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LABRET is the event which returns a lab report on a patient to 
the main treatment room. The actual request for ‘the ‘report is made by 
the doctor in PRFD (in ASSIGN). When the request is, made, . ‘the gumer of 
reports pending in the lab is incremented, the time Motil the return of 
the lab report is calculated (an r.v. function is called), and the event 
LABRET is sent to the scheduler. LABRET does the following operations: 

1. Decrement number of lab reports pending. . | 


2. If the conflict flag is set to l, then return | 
immediately to’ the scheduler. - 


3. “Otherwise check whether’ ‘the patient’ is ‘at aray. so, 
return’ imiedtately ‘to ‘the’ “stWeduter: 7 oe 


4. If the conflict flag is set to 0 and the patient is not 
at x-ray, send the" event: PRED. to ‘the scheduler” to be” i 
executed’ imilédistely. 


A flowchart of LABRET appears in Figure A-6. © 


A.7.4 DLCW, CLTARV, CLVDR, AND ELVOUT 


DLCW, CLTARV, CLVDR, and CLVOUT are the functions ‘that’ “handle 


that part of the patient's world line tree related to the visit of a 


consultant physician (if necessary). All are extremely simple. DLCW a 


(Doctor Leave, Consult Wait), if it is scheduled, is scheduled during 


Hany 


the second doctor visit in, ASSIGN. _ It does the following. tasks: . 


1. Update field 3 to 3 (waiting for consultant). 


2.. Call the r.v. function CNSLTT to find out how. long. the 
patient will be in the consult blocked state. ‘ 


3. Send the event CLIARV to the scheduler, 


oe eh pe 


ea TERE Re oo 


BS wg anna 5 UR ae OEE me os 


7s, 


DECREMENT |. 


REPORTS 
[OUTSTANDING]. - 


SCHEDULE 

PRFD FOR 
| (MEDIATE [> 
“EXECUTION | 


Figure A-6 Flowchart of LABRET 
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CLTARV (ConsuLTant ARriVe) is-called only by CLTARV. Its 
algorithm: ia | 


1. Call the r.v. function CNSORT to find out how long the 
consultant will be with the patient. : 
2. Decide whether a third doctor visit’ wath be pacts by 
calling the r.v. function OUT-AFTER- “¢ : 


3. If a third visit is to be schedulalsi Gaia rn event 
CLVDR to the scheduler. Otherwise, send CLVDUT. 


CLVOUT and CLVDR are similar; each. has. only. two steps. The 
first is to update field 3 to 1 (i.e. no longer being, seryed by the 
consultant). The second is to schedule for immediate execution the next 


event: CLVOUT schedules OUT, and CLVDR schedules PRFD. 
i 


A.7.5 CALLIN, SNDNS, and FRNRS 


CALLIN is the routine which removes .a pat tent {rom the waiting 
room queue. It is not ‘called unless a bed is avabtable, and this bed is 
the current bed when it is called. It does the fo1iowing: 


1. Remove a patient from the hao rom queue “py using 
LEAVEQ Hear 


<SET NEWP <LEAVEQ WAITQ>>”: ; 


2. Assign the current bed to the new patient. (i.e. set 
element 2 of the new patient vector to. ne: je Hosition in 
BEDSTR of the current bed. )- Peres C303 ~ 

3. Update field 1 of the current bed to 2: Gindigating 
presence of a patient) and field 4 to Rt Sen ne new 
patient. 


4. Send to the scheduler to be executed jmbediately the 
event to call in a nurse to treat the new patient. 

5. Record the time of this event as the time of “beginning 
of service for the new patient (in element 5 of the patient 
vector). 
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SNDNS is the event which assigns a nurse to a patient. It 
takes one argument, an event, which informs the routine which event is 
to be sent to the scheduler when the nurse’s treatment of the current 
patient is vers Thus | 

<SNDNS PRFD> 
would cause a nurse (if available) to be assigned to the current 
patient, and it would cause SNDNS to send the event PRFD to the 
scheduler to be executed whenever current nurse treatment ended. The 


call 
<SNDNS RLSE> 


would similarly cause the event RLSE to be executed when nurse treatment 
was over. 

FRNRS is the routine which deassigns a nurse from a patient and 
reassigns the nurse to a patient waiting for a nurse (if any such 
patients exist). This procedure is accomplished by the following steps: 

1. Update field 3 of the current patient to 1 (no server). 


2. If no other patients are waiting for a nurse, simply 
increment the number of available nurses and return to the 
scheduler. 


Otherwise: 


3. Use LEAVEQ to remove the first patient from the queue of 
those waiting for nurse service, and assign the nurse just 
freed to the new patient. (Update field 3 of the new | 
patient to 5). 


4. Decide how long this new patient will be treated by the 
‘nurse, and send the event FRNRS to the scheduler to be 
executed at the appropriate time. 


5. Send to the scheduler the event representing the next 
event in the new patient's world line after the nurse 
leaves. (It knows this event because the event which placed 
the patient on the queue of patients waiting for a nurse 
also placed on the queve information describing this event.) 


174 


A.7.6__RLSE, OUT, apd PDWO 
RLSE (ReLeaSe) releases. a patient, from. ae ‘System when all. 
treatment is over. It involves four tasks: 


1. ineocpokate statistics. of. the. -gurrent patient into the 
cumulative statistics. ~ 


2. Decrement the number of patients in the system. 


3. Remove all traces of the current patient from the _ 
current bed... (i.e. Update.all four bed.figids.to 2-) 0 i. 
4. If there is a waiting room queue, send the event CALLIN 


(to call a patient from the, ag room into the free bed) 
to the scheduler to be executed ediately. 


OUT is the function which prepares the patient to leave the 2 
emergency room syeten. ic The flowchart. for our appears in’ Figure A-7. 
The routine first decides whether the patient is $5: Ghderpo ‘observation 
, or “not. ; In calculating’ the: value ‘of the: boolead random variable ‘on a 
which the decision is based, the probabiities of ke branches ae this 
is to undergo an observation period, the duration of this period: is 
calculated, and the event PDWO (Patient Done With Observation).is sent 
to the. scheduler, Otherwise,. the, svept, ALSE,4# apng, $e. the scheduler. 
Povo does nothiig wore’ thab onrhie tie’ pant RUBE, Wf, 6 FimiTi manner 
to OUT when PDWO is not generated. “Note that the probability 
distribution ‘function, assgcd lated, “With, the. time “be tere RSE is, scheduled 
to be executed varies, depending upon whothér “the 5 patione” is‘ to ‘be 


admitted to the hospital or Ealoaged,| ‘to, , the, oUF A LOE, wee. 


EXIT BLOCKED 


TO. HOSPLTA E 


ADD EXIT. 
_| BLOCKED TIME 


STATISTICS 


SEND ) EVENT 


0: ; 
BE ADMITTED 


lines aed Eee 


{set | 
OBSERVATION 
TIME: TO 


-SCHDLR 


~ Figure A-7 
Flowchart of OUT 
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A.7.7 FRDR and FRNCL 


FRDR and FRNCL are the routines which deassign an emergency room 
doctor and a doctor on call, respectively, from a patient. The two 
routines are similar; in fact, they are the sane, except the first 


increments the number of available emergency oom. aaron. while the 
second ancresents the number of doctors on cali’ . Both call the 
subroutine FREED which takes one argument descrinfag etc data base to 


increment. Thus <FRDR> is nothing mors thant “rice” WORD (where NDR is 


the number of available doctors), and crn» #48 siaply <PREED .NONCL>. 


We describe below the algorithm for FRDR: rd 
1. Update field 3 of the current patient to 1 (no: server). : 


increment the number of asastadi¢ E.R. doctors. 
Peer A 


Te -no: patient is waiting fora @-dector, simply tues: to 
vie scheduler. 


faethe te 2 aan oo ett Oe Pit age a Shes. 


_ Otherwise remove the first patient trot ueue of 
: Phoswived ting and send to the achedulef PRED Afor the new 
puttont) for immediate execution. oe. : 


A.8 Random Variable Functions | 
Random variable functions, which pneradnce reniomness. non- 


TAD 
determinism, into the simulation, have already bye introviced in 


HP ELTArTe 


Section A.7.22 The r.v. functions of a staulaticg-depend- very much upon 


j 

the particular model being implemented. this. gecti on we describe the 
re 

facilities available for creating r.v. function onda 1 list. those 

functions that have been implemented for the operant -test podel. 


wat 


R.v. “fiinctions are generally eidiel. weeino « a boolean r.v. 


function requires only the utility function RANDOM, which is called with 


Fr; 


no arguments 
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_ SRANDOMD . 
and returns a number between 0 and 1. Let us say that the probability 
. Of a yes is P; and of a no, 1-P. Then the algorithm for the desired 
boolean r.v. function is as follows: — 
1. Call RANDOM. 


2. If the value returned is less than P, then return the 
value T. 


aa 


3. Otherwise, return FALSE. 


For time random variable functions, the algorithms can get a bit 
more complicated but are still basically simple. Tn’ the presently 
implemented model all time increments are assumed to be characterized by 
exponentially distributed random variables. Thus for the present model, 
the only necessary utility function is EXPDIS, which accepts one _ 
argument representing the mean of an exponential distribution, and 
returns a random value of the random variable described by the 
distribution. Analogous utility ponay other probability 
distribution furttions' are’ being write. | 

The present t.r.v. functions do nothing more than ‘call EXPDIS 
with a given mean, but it is conceivable that nore comptex functions 
might be more accurate, and therefore desirable. For example, one might 
want to introduce a fixed delay plus an incresieht chéracterized by an 
exponential or gaussian distribution. Such routines are not difficult 


to create. 
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The following eight boolean r.v. functions exist in the present 


configuration: 
XR? -- Is an x-ray necessary? 
LAB? -- Is a laboratory analysis called for? 


EXIT1? -- Does the pe exit immediately after the first 


i doctor visit? ; qi Seo@e 2b Relyputiaed aa? 


NUREX? -- If the patient does leave gieidagtimads does he see 
a nurse first? einGs OSes eked 


ADMIT? -- Is the patient to be admitted to the hospital 
proper ?. hace dae ae ee ee 


eee WP 


CNSLT? -- Does. the attest knee consultant... 


OUT-AFTER-CONSULT? --. If the patient. does. see a- consultant, 
does he exit immediately ‘after the consultation. | 


OBS? -- Does the patient undergo a period: of “observation 
before he leaves the system?. 
There are also seventeen time random variable “functions: 


ADMITT -- time ‘spent in administrative red tape" waiting to 
be admitted to the hospital . =: r 


qictes ts 


ADMIT2 -- time spent in adm apive, Sred, fap," waiting to. 


be admitted to the hospital, “after Having undergone a period 
of observation ee een ee re 


CNSDRT -- time spent with a conspltant .. 
_CNSLTT -- time spent waiting for, a consultant .,... 


_DRCNT, -- time spent on second doctar visit if epnsultant. is 
“scheduled 


DRIMEX -- time spent with doctor before ‘immediate exit 


DRNXLT -- time spent with doctor on first doctor visit if 
lab report but no x-ray is scheduled 


DRNXNLT -- time spent with doctor on first doctor visit if 
no lab report and no x-ray are scheduled 


DRTZ -- time spent with doctor on second doctor visit if no 
consultation is scheduled 


| Berra oman 1 EER neritic TUE eg Sime etn ges oo age a) oa ie el pce neater a a Ce ca ated 


DRT3 -- time spent with docter on third: doctor visit 


DRXT -- time spent with doctor on first doctor visit if 
patient is sent co: array 


oN 


EXITT. -- bias. apead da ani F piseuadoa cues: before aaies® 
emergency room 


EXIT2 -- tine apeet! inexie: baoched: atecéi nated: eave 
emergency room, if parte’. nas undergone sector of 
observation. — caiort Mugde Ta anerigsa +3 


LABT -- time before paahereties. dintvate: reselts’t are: retirned 


a: 


NURST -- time: spent with. Nese: 
OBSRVT -- time spent: vader” ‘observation: Shige! 

wes eheigg : we 
XRAYT -- time spent at xeray a 


A.9 Graphics Fusct tous 
| In ow: section we discuss ve ) graphical 1 updating of me display 
in Simulate Mode. ‘Maintaining the buttons (most of mich are i in ered 
Mode) Smee involves Sraphics, but we atecuss ‘button h handling in a 
separate section. _ _ 
Aside froa ou button handling routines and ‘ee fuer ions which 


actually create the pictures (which are. not described in this document), 


La wee, 


there is oaky one = graphles function, PASS. Recall that | a 


" geiealife? sar anle 


simulation in TIGERS is a 4 loop which repeatedly calls soi “In this 

loop each call: ‘ef SCHBER is. immediately Tetioned ay a: tall: ‘to PASS 

(Figure A-1). smnnes is rhe routes which looks at BEDSTR and CHTSTR and 
eae ge iS 


updates the display to reflect any /chenoes: made erin the: exéctitién of 


the last event. 


pictures: 


A. 
de 


B. 
fi 


Cc. 
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The display in Simulate Mode is: composed of three types of. 


The static framework. This includes the lines 
lineating the various secters, aad: the: seeasetye9 jiabels. 


The beds in the main treatment area and their “associated 
elds. Relevant. information. aScia: meneT Rs i Pg : 


te 


The ebllectises of stick ‘figures which cepresenk: groups. 


of various types of persons. Relevant. information is in 
CNISTR. .As-of -this-writing. these collections dsdciude - 


Clearly 


updates 


1. patients awaiting lab anadysis results. . 
2. patients in x-ray area ; 

3. available emergency: rooa-dactors. 

4. available doctors on call 

5. available nurses re 

6. patients in waiting room queue 


NPASS need be concerned on with types B and C. ‘The routine 


‘the. two types of paeeares: ‘in poe » distinct phases, ‘type ¢ C 


ew GOPsusge EL; 


followed by type B. We discuss the. ia. phases Canarareli., 


a 


For jeaxiuila ‘execution scaed: each of the six ‘collections of type 


C is updated by ate own ueeerone routine. These routines ‘ceaerlee ‘the. . 


elements 


one of t 


Po an ray ttcsed 
of the vector RFQS. ‘Thus ack ‘element of RFQS corresponds to 


he element pairs of ‘CNTSTR (Section A. 3). . ‘The type. ¢ pictures 


ei Ager lt er SS a Bu thd 


are updated using the following algorithm: 


1. 


ch 
fl 


2. 


‘Check item i (i.e. the i'th pair) of CNTSTR. Was it 
angeg during. the execution of the last evans?) (1.e: is it. 
naged with a ae 


If no, incceuent i, and go beck to 7" to check: the next 


~item.of.CNFSTR.;, .° .., re Pg Bll. axe 


3. 
up 
CN 
ne 


i] 


If yes, call (i.e. execute) element i of RFQS, thys.,. 
dating the displayed value of the associated value in 
TSTR. Then increment i, and go back to 1 to check the 
xt item of CNTSTR. 
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When i exceeds the number of items (currently six), the updating of the 
type C pictures is complete. | - : 

‘The type B pictures are updated in a similar manner, except 
BEDSTR is the main data base instead of CNISTR, and only one routine is 
necessary, not six. All cia: beds can be date iy the same routine. 
Essentially the algorithm consists of ‘checking é@ach ded, updating those 
that have been changed and skipping those that have not. The 
programming is such that the numbers in BEDSTR associated with each bed 


field are used to call the approriate picture. 


A.10 Time Functions 

‘An important part of the TIGERS énvironment is the provided 
simulated time flow. There are two time functions: “STIME, which 
returns the present simulated time in minutes, and CHANGESPEED, which is 
used to alter the rate of simulated time flow. . 


There are four internal variables used by ‘these time functions: 


TSCALE is the number of thirtieths of @ real.second in one 
‘simulated minute, 000 ees 


LASTIME is the absolute real time that CHANGESPEED was last 
called. 


LASTMIN is the simulated time that CHANGESPEED Was last 
called. 


ar 


TTEMP is the absolute real time that STIME was last called. 


The “absolute real time” is the time which is stippfidd by the computer's 
clock. This time is given as the number of thirtiéths of a Second since 


the operating system was last started. 


PRA Sana gen AMER nice ee BT 
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STIME takes one argument, the current value of TSCALE. It 
returns a floating point number which is the simulated time in minutes 
since the simulation was initialized. It does the following steps: 


1. Read. the absolute real time from the computer's clock. 
Call it T. ee ed 


2. Calculate the simulated time as. 


STIME is written in asséabler language rather then MUDDLE because MUDDLE: 
cannot access the clock and. because. thé function is called so often that 
execution speed is critical. 2 
CHANGESPEED also takes one argument, the new value af TSCALE. 

It does the following: __ Bis tat oe oe aot 

1. Set LASTMIN.to the current simylated time | 

2. Set TSCALE to the given new value. - 

3, Set LASTINE to the present ebsolute real time 


4 eden rst 


CHANGESPEED also sets the value of the variable OF TEM, which is related 


peed 


to the frequency that the displayed clock is updated. 


A.1l_ Interrupt Handling-Functions. . 

MUDDLE has a facility through which MUDDLE programs can access 
the PDP-10'S half second clock interrupt. “TIGERS has two interrupt 
handling functions which.use this. facility: ;. UPCLOCE, which updates: the, 
displayed sipulated time,.and CHECKBI, which wakes the program. - 
interactive. The reader should bear: in .mind.ag he.geads the 


descriptions below, that these functions are executed every half second. 


eM Eee nL 
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The variable OFTEN, whose value is set by CHANGESPEED, defines 
how often the display will be refreshed. It ie set, ‘such that the 
displayed clock is refreshed approximately 4 as often as ‘it changes. Thus 


if a simulated minute were equal to five real seconds, the clock would 


be updated about every five seconds. _ 
UPCLOCK (UPdate | CLOCK) does the following: 


1. Decide whether it is time to update the displayed clock. 
If not, return to the simulation. 


2. Decide. whether the. hour. needs to, be sipdated. as well as 
the minute. If so, update the hour and the minute on the 
displayed clock. 


3. Otherwise, update only the minute on the displayed 
clock. 


4. Return to the simulation. 


| CHECKBT (CHECK BuTtans) employs. the following algorithm: 


1. Check: have any buttons been hit in the past half 
second? 


2. If not, return to the simulation. 


3. If so, change the displayed square associated with the’ 
button to a triangle. (This indicates.to the user thet the 
button has been hit and ithat the routine associated with the 
button is being. execute aS He Then ti ize; sere atten SQ 
that the button cannot be hit while its associated routine 
is runnin Thea eed to exacute ing ,assoclated 
with the hie Betton 'F eS on te eees °F the routine 
is terminated, restore the square .and | cesensitize. the 
button. Return to the simulation. 


A.12_ _The Button Protocol 2 
Since butten handling is critical in making TIGERS interactive, 


a button protocol has been implemented which makes it relatively easy to 
create buttons of various types. Currently three types of buttons 


exist: 
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1. Unlabeled buttons 

2. Labeled buttons 

3 Labeled buttons with value or 
Every button -- FeGacaless: of type -- is a single RUDDLE picture, and 
every button has associated with it a ‘single routine. ‘Whenever the 
button is hit the associated button servicing routine ts executed: Two 
main data bases are associated with the buttons: _ PICVECT is a vector of 
all the buttons, and SERVECT is a vector of aYi ‘thie batten handHing : 
routines. Each element of PICVECT is assvctattd with ati element of 
mere : : a ky ci 

Unlabeled buttons appear simply as sqiiares. ‘No text ‘string is 

associated with the button as part of the same picture, although ; 
external labels are eeanraliy added. Examples of this type are the 


squares above the ‘fumbers used for ig tex’ ‘dtringd-in Modify Node. 


Labeled ‘buttons Have a text string ‘asstctéted with ‘thé square as 
part of the same picture. Exaaples of this” type of button are the 
buttons used for changing modes. | 


Labeled buttons with value have text “seefings” ‘representing values 


of some variable associated with thé Button. | tkaliptes "c 


all the buttons in ‘the top half Of ‘the ‘screen: “il Wodity Hod. 


1 f arts 4 


of “thts: type “are 


The function BUTTON ‘Gredtés battens * ‘6r’ “type °2; 486 "Rinetion 
BUTTONZ, buttons of type 1; and the function BUTTON3, buttons of type 3. 
A naming protocol has been implemented which aids ‘fn-dssociating text - 
strings, vente, “and service" tanctions ‘with their dssobfdted Buttons. 
we will givé an éiasdié'of a Gait’ f'Uuvebi Gleitiag*tudeeton: “This” 


should comaunicate a general idea of how the protocol is useful. The ~*~ 
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call 


<BUTTONS 375 200 BLAMBDA ,QLANBDA ,QVLAMBDA 28> 


f Slpate 2PS 


creates the But tou in Modify Node which is sececteter ith: ‘the areivai 


rate LAMBDA. €-378 200) ‘are thd (x yy ‘Ci+erdinatds ef. ‘the aenter of the 
J.9qeiietal ghoio ad 
square; SEANBEK is the name of the button; one he the name | of the 
cee ey a 


idsativvine text eeridg: QVLAMBDA is the name of ‘hahaa atria 


BSspctaved with the value of Ligeti ane zs bees the enath of BLAMBDA's 


ss Pie WE tg ésagigias allel ae 
sesteia in ‘PICVECT and RLANBDA's soaitlan io SERVECT. ” RLAMBDA is val 
rphgwoeilod eng ge Land 


course the associate button servicing routine. 


gyte VG oe. ar cos 


A.13_ The Button ‘Serviciag ‘Functtoss : =: 2 22 22 vit: 
As of this writing there are:tweaty-nine buttons ip :TAGERS. It 
is the purpose of this section to describe their fasasines by. discussing 


their associated peie tang: routines. we will not describe every” routine 


pelmiton saab J: t. Hertofuupe ant ateass 7 


individually, ‘since there | are Gronrs of similar routines. We will, 


x. 


=v 


however, nme in detail at least « one menber of each. “equivalence 


class." 
A.13.1 SIMULATE Mode -- RSTART, RSTOP 
RINITIALIZE, RSTATON, RSTATOPF. 
ORSTART was disvussed iw Sectitw 4.2 2c; RCONEINUE ,# Following: 
1. Call START (Section A.6.2). 
2. Call NPASS (Section A.9).0 en 
3. Initialize the count of déxecuted events. 2 


4. Enable the clock updating routine. -¢22e. 2cause dt to be 
executed at every half artic clock interrupt. x 


nak bes Ste gs 


5. Call SIMULATE (which is an infinite oun): 
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RSTOP stops the Semi tetton It has shree steps: 


ALS RANA a 


1. Set STOPBIT to a. This ‘causes an exit pa ‘the infinite 


loop im SIMULATE. “Mc Mae age ear acge vl phar 


geen 
ori 


2. Diseble the clock updating routing. ; 41 .e. pisessociate . 


at from the clock Seterrupe: 


@ag to REG 


3. Set the variable STOPSTINE to be bree to ‘the current 


Simwlated ‘time: BUSA, bs oe 


SHE ES te), aria ameraal “og tata Po suiaev Yiaw 6 
ee continues the simulation after its aving een stopped 
eo B° AGN Qo 8 bee TT Ha fT. PSAP 


24 Bs és ce a 0 ok 


by RSTOP. ‘It does the following: 


paces PE tg PP ape HG 


1. Set LASTINE to the | current ‘absolute Seal eee 


2. Set LASTMIN to the value of :S0O@PSBMEceet bycRSFOP) 24 =i* 


yo Te 


3. Bhabhe the-¢lock updatingsreatines:: 2.) fiw oor 


2. 4g? sGald SQMURANG. =. 2 suiisea: Gs macfoes rnd 


eS ae Peon Ban hiue i gabibs 


“RINITIALIZE resets the similation to time zero. 


eel Tea Sel ofs TO ayedie eis ered: 


more shen call seseile (Section - 6.2) and NPASS (Section ‘A. 9). 


sa 870 Ieeed 2H ifoegeb 


REIATON aisles the ccaulative statistics. 


RSTATOFF erases the cumulative statistics from the display: _ 


ge ‘Pa gee g 
ras JiA8 RV aH =e 


A.13.2 Changing Modes -- RMODIFY 2b RANE HOTATZA . 1P GIA! 
fw RIMOD PY. Biéniges) hodds. from Gisuiate te Medify. < dh isi involves 
the following: Lee SlA aoriong) THATS 
1. Call RSTOP (Section A.13.1). (6.8 sartnsh, u2acK ff 

2. Call RERASE (Sectien Wehbe trues “dt seria. 

3 Erase the display. .-6 en giisesqu So0l2 att: 


( dquersdis BODE hdd YS ae wou IG! 


4. Display the I gatas ei Modify Mode. 


rt : oy ee a es “TR pith : = 
ibs Way Gh) fe . aeeitrid far aS 


: Bi 


seat 


fk 2203222 


“ee SMe Pte salt 
2 MATTE CTS gS 


G Bstetagea: te208 


rf does nothing 


tg FE. > 
Leeervas 4 ateivs 


whe 
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RRTSM (Return To Simulate Mode) changes modes back to Simulate 
“ mode: 


1. Set STOPBIT to FALSE. This will cause SIMULATE, when 
Started, to loop until STOPBIT As: reset to T-by RSTOP. 


2. Call NPASS. (Section A.9).0 © 0 8 ee Fas 
3. Erase the display. 
4. Display the pictures of Simulate mode. 


A.13.3 Creating Text e_Strings =: 
Rl, RZ, R3, ..., RO, R., 2 RERASE 


i. 


This section discusses the Parrons. which comprise the 


"blackboard" in Modify Mode. The following variables are relevant: 
CURSTR - Current text string. This 15 the: string that ‘Gs 
displayed above the "biatkboard*: bettons. The user’ builds 
this string using the: blackbowry. ’ ee 


CURVAL - Floating point value ‘represented’ by the current 
text string 


wet 


The routines -for Rl through RO and R. are similar. We destribe neve: the 
algorithm for R1: 
1. Append "1" to the current string. 


2. ypgate the display to reflect. the ‘change. 


3. Set CURVAL to the floating point number represented by 
the new current string. . 


RERASE sets CURSTR to "" (the empty string), updates the display 


ren 


to reflect the change, and sets CURVAL to FALSE. = * 
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A.13.4 Buttons With Values 

This section is concerned with ene buttons which are used for 
altering the parameters of the TIGERS scanec ‘As of: as ene 
are nine -- which buttons exist depends upon which paranatvers the 
experimenter wishes to vary. The buttons correneiet tegtlemented are as 
follows: 


BDRS - used to choose number of emergency room doctors ae 
the model systen. : 


BNRS - used to choose number of nurses. _ 


BONCL - used to cheese: ae of doctors on “call. eat 


shee 


BTYPE| - used ‘to Select the current, supe of Hodify Mode. 
Certain. parameters. vary.with type of.patient, the. deat: - 
example, bejag the arrival. rate. of. patientaite. the ayatem.. 
The value displayed of any of thesa.type dependent; oc. -- 
parameters is the value associated with the current type. 


Whenever the current type, is. chapged,; she; co 
of these parameters are changed appropriately. egte Gxt 


BXRT - used to choose mean time spent: ‘by patient a currant 
« SY¥PR. at. X-Fay- _ Sages: abe So Sate GE at cette 3 tee Ee! 


BLT - used to choose mean time for return cf lab analysis:;.- 
report for patient of current type. 


BSCL - used to choose ratio of simulated time to real time. 


Stee att sgiitet oF FLERE b 247 sigt- 
BBEDS - used to choose eunber of beds in "the main treatuent 
roon. es, BeBe ah De desea ety + JAVGL 23 


om 


engi ts SUSI 
BLAMBDA - used to set arrival rate of patients of the 
current type to the system in persons per hour. 


Peat cadeu@e fnecdsa vias add) SY as ATER x4: YEAR 

The functions associated, with a1]: these, buttons, are sinidar,. in 
that the first thing they do is check to see if CURVAL has a value other 
than FALSE. If it does not, the phrase "CHOOSE NEW VALUE" is displayed 
to indicate to the user that he should use the blackboard to assign a 


value to CURVAL. In our descriptions below of the algorithms, we 


ay 


assume that CURVAL has in fact been assigned a value. 
RDRS, RNRS, RONCL, and RTYPE are similar. We choose a 


representative example, and elucidate. ‘below’ thé atgori¢ha for RDRS: | 


1. Set the flag in CNTSTR which indicates ‘that a Change’has 
been made in the number of emergency room doctors... 


2. In CNTSTR, set the number of doctors equal to the value 
of CURVAL (rounded off to the lowest integer). 


3. Reset CURSTR to the empty String. 

4. Reset CURVAL to FALSE. 

5. Update the displayed values of CURSTR and the number of 
doctors to their new values. 

RXRT, RLT, and RLAMBDA form another equivalence class. The 
displayed values associated with these three functions all depend upon 
the current type (selected using BTYPE). Except for the fact that the 
current type affects the actual variable that is havodd 2 kiece: zhios 
routines are similar to the four discussed above. RBEDS differs from 
the four only in that instead of merely changing a certain value, a 
whole new picture has to be compiled based upon the new number of beds. 
RSCL differs only in that instead of changing a value directly, it calls 


CHANGESPEED (Section A.10).. / 
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APPENDIX B; 
SAMPLES OF ‘MUDDLE SOURCE CODE 


The purpose of this appendix is simply to give the reader an 
idea of what MUDDLE looks like. ‘Following are listings of the two 
functions PRFD and ASSIGN. They are flowcharted in Figures A-6 and A-7, 


respectively. 


<DEFINE PRFD () 
<PRINT “PRFD*> 
<PROG () 
<PUT .CPATNT 3 0> 
<COND (X22? 2° <d# <2'.CPATHTY 2> .BEDSTR>> 
<RETURN 0>) 
(<0? <VAL .NBR>> 
<COND (<LE? <VAL -WQL>> 
<upp 34> ° 
<ADTOG BAG .CPATHT> 
_ CADTO@ DR .RT> 


<ADTOQ DRQ* SCPATNT 
<ADTOQ _DRQ RP, 
<RETURN ai 
(ELSE 
“ €UPD ‘38> - 
<SoBi Note 
<SET’ ‘TEV FRNCL>)>) 
(ELSE 
‘_¢$081 -ZNDR> 
<UPD 3 6> a 
<SET TEV FRDR>)>° 96 
<ASSIGN .CPATNT> 
<SET TYIME <- .TTIME: 1d - 
<PUT -SCPATNT 6 <# <6" “GPATNT <== reine .RT>>> 
<ADSCD .TTIME <FORM .TEV>>>>' 


<DEFINE ASSIGN (CPAT “AUX" LAB) 
<PRINT “ASSIGN*> 
<PROG () 
<PUT .CPAT 1 <+ 1 <1 .CPAT>>> 
<COND (<==? <1 .CPAT> 1> 
<COND (<EXIT1?> 
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ae? 


<SET TTINE.<e .RT <ORBMEX>>> 
<COND '(<NUREX?> 
<ADSCD oA TINE 


ad ou Fe CSS OLaR. 


_SRETURM nie ee 
— “TTIME '<RLSE> -cPATD 
32. a oe eee 
eRe 2>)>_ 
<COND at LAB <LAB?>> 
<ADSCD <+ .RT <LABT>> 


*<LABRET> 
.CPAT> . 
<ADDE: -LABGL>)>- dies. a 


<COND (<XR?>~_ . 
<PUT .CPAT 3. 
_ Sansca- CSET THe oan st BRXT>>> 
GOW 


SRETURN 2D) ve Se 
<PUT .CPAT 3 I> qe : 


E925. 
<COND (<CNSLT#> >. 
ane GEEAME <+ .RT <DRCNT>>> 


(<s8? <1 CPA 


atk DG » 
ée ME : {GRAF > > 
“¢RETURN 4>)> 
<ADSCD <SET TIIME <4,RT @REZ>>> 
*<OUT> <8 £ GGu> 
sCPATD (3554 V3T TI: 
<RETURN 5>) cTHTETS. HOTaaa> 
. (<8? C1 .CPATD 302050 -> aNivT TF 
- }ADSCB, COG RRINE <4 [BT KBBTSD> 15. 
"CQUEMS; HEC. BHITT. gaere 
-CPAT> 
<RETURN 6>) 
(ELSE <ERROR TOO-HAMY - ~BOCTOR-VISITS>)>>> 
cxeTaGg. I> 1 ed b TAS 


TAS 


